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ABSTRACT

Egmont Key, located at the mouth of Tampa Bay, is part of a dynamic system
with many interrelated natural and anthropogenic factors influencing its
morphodynamics. This study started in August 2012. During the 3-year period until
August 2015, 28 beach profile transects were established and surveyed 10 times.
Seventeen historical aerial images from 1942 to 2013 were geo-rectified and analyzed.
Three hundred and fourteen sediment samples were procured from the navigation
channel dredge area and the beach nourishment area and analyzed for grain size. A
numerical wave model was established to simulate the nearshore wave field. The overall
goals of this study are to understand the complex morphodynamics of Egmont Key and
to evaluate the shore-protection efforts.
The overall area of the Egmont Key has reduced 52% from 2.1 km2 in 1942 to 1.o km2
in 2002. The area loss was mostly caused by beach erosion along the Gulf-facing beach.
The island-area reduction from 1942 to 2002 was largely linear. Two periods of
accelerated area loss from 1978-1984 and 1999-2002 can be related to dredging of the
Egmont Channel and the disposal of dredged materials along the channel. Concerning
the relatively high mud content in the borrow area for the 2014 nourishment, a large
amount of the fine sediment was lost at a temporal scale of hours to days during the
dredging and beach nourishment construction processes. Some of the mud was

ix

deposited outside the surf zone at water depths of 2 m or greater. This mud became
eroded naturally by energetic conditions at a temporal scale of months. Beach erosion
and accretion along the Gulf-facing beach can be related qualitatively to tidal flow
patterns. Numerical wave modeling shows that the transverse bars offshore Egmont Key
have a moderate influence on the wave field, leading to slightly different wave heights
along the shoreline. However, there is no clear relationship between the nearshore wave
conditions and the erosion/accretion patterns. The severe shoreline erosion has exposed
various fort structures at the shoreline and in the nearshore zone. These structures
function as detached breakwaters or groins and have localized influence on the beach
state.
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CHAPTER ONE:
INTRODUCTION

Introduction and Objective of this Study

Beaches and coastal areas are dynamic environments formed and altered by
natural processes such as waves and tides and often heavily altered by anthropogenic
activity. The natural factors of wave, tide, and wind, acting upon the earth’s surface over
temporal scales of centuries to days and spatial scales of global to local determining the
complex coastal morphodynamics. Large and rapid population increases in the last
century within coastal areas throughout the world has resulted in physical alterations
and subsequently influenced the morphodynamics of many coastal locations. Currently,
40% of the Earth’s human population lives within 100 km of shore (Socioeconomic Data
and Applications Center) with 10% of the population living within 10 m of sea level
(McGranahan, 2007). To effectively manage the dynamic coastal environments,
qualitative and quantitative assessment of coastal morphodynamics is important for
determining cause-and-effect relationships of coastal systems.
In coastal environments, various geologic processes including wave, tide, and
sediment supply control the formation and alteration of morphologic features. For
developed coast, anthropogenic alterations can play a significant role. Globally, geologic
1

settings of coastlines depend on factors such as location along an active or passive
tectonic margin, terrigenous and marine sediment sources and sinks, and specific
geomorphologic change involving the interplay among meteorologic, oceanographic,
and sedimentological processes. Morphologies and morphodynamics altered by
anthropogenic activities can change the natural dynamic equilibrium of a coastal
system. For example, the natural landward and seaward oscillation of sandy shoreline
becomes a beach-erosion problem when human infrastructures are built near the
coastline. Therefore, the morphodynamics of many modern coastal environments is the
sum of geologic processes and anthropogenic alteration.
General approaches to protecting coastal areas vulnerable to shoreline retreat;
coastal flooding, and storm damage include the use of hard and soft structures (NRC,
1995). Hard and soft structures differ in material used for construction, permanence,
and intended goal. The construction material used reflects the structures permanence
with rock boulders and concrete hard structures being relatively permanent and
sedimentary material being transient (NRC, 1995). The intended goals of hard
structures are to decrease wave attack and/or retain sediment on a beach while soft
structures provide sediment to a beach with a sediment deficit (NRC, 1995). Many
times, shore protection measures do not directly treat the underlying causes of problems
such as an interruption of sediment supply or changing morphodynamics but act to
mitigate beach erosion and coastal flooding of populated areas.
Upham Beach Florida provides a local example of multiple shore protection
devices including geotextile T-groins, seawalls, and beach nourishments mitigating
erosion and coastal flooding (Figure 1). The geotextile T-groins (sand filled bags) serve
to reduce wave attack by inducing wave breaking on the T head before they reach beach.
2

The T base acts to interrupt the alongshore littoral drift of sediments. The sea walls
serve as the last line of defense to prevent further shoreline retreat when the entire
beach in front of it has eroded. Beach nourishment serves to periodically replace the
material lost. In the case of Upham Beach, it is renourished approximately every 4-6
years. Without the use of these devices shoreline retreat would threaten the habitability
and economy of this densely populated barrier island beach.

Figure 1: Shore protection measures at Upham beach, Florida.
3

In this study, both natural and anthropogenically-influenced morphodynamics at
Egmont Key are examined. Egmont Key is a consortium of a Florida State Park, a
National Wildlife Refuge, a Coast Guard Lighthouse Station, and a Harbor Pilot Station
at the mouth of Tampa Bay in west-central Florida. The island also hosts various
military historical resources. The island is managed and used by several federal, state,
and private entities. In addition, the island is also a Native American burial ground. The
Florida Department of Environmental Protection manages the State Park, which
encompasses the northern two thirds of the island and includes numerous historic fort
infrastructures such as coastal gun batteries and support buildings connected by brick
paved roads. The Egmont Key Lighthouse, which has stood since 1858 on the northern
end of the island, is owned and operated by the U.S. Coast Guard to provide aid to
navigation through Tampa Bay’s main vessel corridor, Egmont Channel. Harbor pilots
lease various infrastructures, including several houses and docks, on the island. This
serves as one of the stations for facilitating the transfer of pilots on and off ships
entering and leaving the Tampa Harbor. The National Wildlife Refuge encompasses the
southern third of the island and is an important nesting habitat for sea turtles and
seabirds. Due to the islands many owners and stakeholders, managing and protecting
the Egmont Key shoreline is a complicated and challenging task.
The nearly pristine coastal barrier island environment of Egmont Key stands in
stark contrast to the heavily developed west-central Florida coastlines. The island can
only be accessed by vessel. The limited accessibility contributes to the pristine nature of
the island.

4

Egmont Key has experienced severe erosion over the past 70 years, with slightly
over half of the island area lost. Two beach nourishment projects at two locations were
completed in 2014 in an effort to mitigate the shoreline erosion. This study started in
August 2012. During the 3-year period until August 2015, 28 beach profile transects
were established and surveyed 10 times. Seventeen historical aerial images from 1942 to
2013 were geo-rectified and analyzed. Three hundreds and fourteen sediment samples
were procured from the navigation channel dredge area and the beach nourishment area
and analyzed for grain size. A numerical wave model was established to simulate the
nearshore wave field.
Based on the extensive field data and numerical wave modeling, the specific
objectives of this study are:
1) to understand and quantify the historical and modern morphodynamics of
Egmont Key;
2) to examine the influence of nearshore bathymetric characteristics on beach
processes;
3) to quantify the performance of the most recent shore protection measures;
4) to document the geotechnical evolution of the material with a focus on the
fate of the fine grained materials

5

Literature Review

Coastal Morphodynamics
Barrier islands, inlets, and beaches are dynamic coastal features constantly
changing as sediment and hydrodynamic energy move through the system. Typically,
these coastal systems naturally approach a dynamic equilibrium where the driving force
and responding environment reaches and maintains a balance. In the following, a brief
review of several fundamental coastal topics is provided, including: general and study
region coastal morphodynamics, nearshore processes such as longshore and cross-shore
transport, beach changes during normal and storm conditions, beach-inlet interactions,
anthropogenic influences and shore protections, as well as findings from previous
studies on Egmont Key.
Barrier island formation and morphodynamics depend on the relative dominance
of wave and tidal forcing (Davis and Hayes, 1984: Davis, 2006). Davis and Hayes (1984)
classify barrier islands as either wave, tide, or mixed wave-tide dominated. The wavedominated type of barrier island morphology is typically long and smooth with few
interruptions and inlets spaced far apart (Davis, 1994), for example Santa Rosa Island,
Florida. Tide-dominated barrier islands are shorter and more frequently interrupted by
tidal inlets with large ebb-tidal deltas as compared to their wave-dominated equivalents,
for example Cape May, New Jersey (Davis, 1994). Barrier islands influenced by both
wave and tide are a mixed energy type and often have a drumstick shape, for example
Caladesi Island, Florida (Lynch-Blosse and Davis, 1977). Davis and Hayes (1984)
developed a qualitative relationship between mean wave height and tidal range for
barrier island formation (Figure 2).
6

Figure 2: Plot of mean tidal range versus mean annual wave height for barrier island
morphodynamics (Davis and Hayes, 1984)

Barrier-island morphodynamics is strongly influenced by the dynamics of
adjacent tidal inlets. Inlet morphodynamics also depends on the relative influence of
wave and tidal processes (Davis and Gibeaut, 1990). Gibeaut and Davis (1991) classified
inlets into four types: tide dominated, wave-dominated, mixed-energy-straight, and
mixed-energy-offset based on the seaward portion of the inlet and ebb-delta
morphology (Figure 3). Tide-dominated inlets have a well-developed ebb-tidal delta
along with channel margin bars oriented perpendicular to the shoreline. This type of
7

inlet generally serves a large tidal prism and is relatively stable, for example, Bunces
Pass, Florida. Mixed-energy-straight inlets have a fairly well developed ebb-tidal delta
with a smooth and somewhat arcuate terminal lobe, for example New Pass, Florida
(Davis and Gibeaut, 1990). Mixed-Energy-Offset inlets have moderate to large ebb-tidal
delta development and a downdrift offset of adjacent barrier island end, for example,
Big Sarasota Pass, Florida. Wave-dominated inlets tend to be migratory and have
essentially no or a small ebb-tidal delta, a relatively straight shoreline, and a change in
orientation of the channel, for example Blind Pass, Florida.

Figure 3: Tide-Dominated, Mixed Energy Straight, Mixed Energy Offset, and WaveDominated inlet morphologies developed by Gibeaut and Davis (1991).

8

Beach morphodynamics reflects the composition of its sediments and the
physical processes of waves, currents, and sediment transport. Wright and Short (1983)
classified beaches into three types based on morphology and associated wave and
current patterns, including dissipative, reflective and intermediate beaches (Figure 4).
Dissipative beaches have a gentle sloping profile and a wide surf zone where wave bores
break continuously as they approach the shore. Reflective beaches have a steep sloping
profile and a relatively narrow breaker zone where waves break close to the shore.
Intermediate beaches include those with complex water-circulations and/or bar-trough
features. The waves that interact with this type of beach tend to break or shoal over a
bar, reform and break again albeit with less height and subsequently less energy on the
shore (Wright and Short, 1983).

Figure 4: Dissipative, intermediate, and reflective beaches, developed by Wright and
Short (1983) to classify beach morphologies.

9

The west-central Florida barrier island system includes 29 islands and 30 tidal
inlets over a stretch of nearly 300 km. To the north of the chain of islands, starting at
Anclote Key is the tide-dominated, low wave energy, sediment starved Big Bend coast
(Hine et al. 2003). South of the chain is the tide-dominated, low wave energy, mangrove
coast Ten Thousand Islands. The barrier island system here varies considerably in
island, inlet, and beach type as introduced earlier. The eastern Gulf of Mexico along
these shores is typically a low-wave energy coastal system with sporadic and energetic
tropical cyclones during the summer months and somewhat regular (10 days) cold
fronts during winter months (Wang et al., 2011). The geographic orientation of features
and the relative influences of wave and tidal processes play important roles coastal
processes, responses, and morphology (Davis, 1994). The west-central Florida coastal
area is located in the lower corner of the Davis and Hayes (1984) classification (Figure 2,
red circle) and therefore encompasses all types of barrier islands and tidal inlets.
Another significant factor is the volume of back-bay tidal prism each individual inlet
serves. The number of barrier islands and inlets along this coast regularly changes with
new islands forming or inlets opening and closing which illustrates this areas complex
coastal morphodynamics.

Cross-Shore and Longshore Transport
Beach morphodynamics depend strongly on nearshore processes such as crossshore and longshore transport. These two processes of sediment transport have
distinctive temporal scales when considered along a beach. Beach-profile changes
dominated by cross-shore sediment transport, which is the onshore and offshore
movement of sediment, change shape significantly over short time periods of increased
10

wave energy, e.g., during a storm. Beach profile changes dominated by longshore
sediment transport, which is the shore parallel movement of sediment, change gradually
with time when a transport gradient is persistent, e.g., at Upham Beach. Longshore
sediment transport is typically driven by obliquely incident waves and occurs mostly
within the breaker zone (Wang, 1998).
Net cross-shore sediment transport, or a gradient in cross-shore sediment
transport, occurs in response to seasonal changes and storm events. In general, low
wave energies, particularly those associated with swell waves, tend to transport
sediment onshore while high storm wave energies tend to transport sediment offshore
(Roberts, et al., 2012). During the summer months when wave energy is generally low, a
berm type profile will develop with an elevated active beach berm and a gently sloping
beach face with minimal or no bar and trough development (Larson et al, 1988) (Figure
5). With increased wave energy during a storm, e.g., during winter months, a bar type
profile will form, possibly with a ridge and runnel feature along the active beach and
bars and troughs along the subaqueous portion of the profile (Komar, 1998). The bars
that form are a result breaking waves, the location of which determines bar position,
size, and depth. Troughs form along the landward edge of the breaking waves that is a
highly turbulent zone capable of scouring significant amounts of sediment.

11

Figure 5: Seasonal berm-type (summer profile) and bar-type (winter profile) beach
profiles (after Larson et al., 1988).

Longshore sediment transport primarily occurs during conditions when waves
break obliquely to the shore and produce longshore currents. Flow velocities and
sediment transport rates increase significantly in the surf zone with shore parallel flow
decreasing seaward under these conditions (Wang, 1998) The intermediate and wave
dominated inlets are largely a product of longshore sediment transport dominance.
Longshore sediment transport plays a crucial role in beach-inlet connections and is
discussed in the following.

Beach-Inlet Interactions
Beach-inlet interactions play an essential role in barrier-island beach processes.
Dean (1988) concluded that over 80% of Florida beach erosion problems can be directly
linked to tidal inlets. Important aspects of beach-inlet interactions include, the mode by
which sediment moves from one side of inlet to the other, the impact of navigation
12

improvements on longshore transport, wave refraction over the ebb shoal and the
alongshore flowing tidal currents and its influence on longshore transport patterns. In
general, longshore moving sand tends to cause sedimentation in the inlet and
subsequent channel migration. On the other hand, inlet dredging and channel
stabilization with structures tend to prevent longshore moving sand from bypassing the
inlet and moving from one side to the other. This particular confliction between sand
bypassing across an inlet and safe navigation practice is the main cause of many beach
erosion problems.
Tidal flow toward a tidal inlet particularly during flood stage has the ability to
reverse longshore sediment direction temporarily. If the regional transport direction is
opposite the flow toward the inlet, a longshore transport divergence zone forms. The
longshore transport divergence zone may subsequently erode and transport sediment
toward the inlet, resulting in severe beach erosion (Wang and Beck, 2012). This beachinlet interaction is the main cause of an erosional hot spot along Sand Key, Florida
(Figure 6), where regional longshore transport is to the south. Alongshore flood tidal
flow into Clearwater Pass and wave refraction over the ebb shoal cause a transport
reversal within approximately 3 km south of the tidal inlet. At this location, persistent
erosion is caused by diverging longshore sediment transport.

13

Figure 6: Conceptual illustration of longshore sediment transport gradient. (After
Roberts, 2012)

Navigation channels improved with stabilization structures such as jetties often
interrupt the alongshore transport of sediment. The result is an interruption of natural
sediment supply and erosion of the downdrift beach due to the impounding of sediment
on the updrift beach. In the case Upham Beach, jetties along Blind Pass (red lines in
14

Figure 1) become total littoral barriers that are preventing sediments from reaching the
downdrift beach (Elko and Mann, 2007). In response to the erosion problem, beach
nourishment has been utilized on Upham Beach since 1975. Elko and Mann (2007)
found that in order to maintain a beach, a nourishment interval of 2 years was needed as
the material placed was quickly “feeding” the down drift beaches. In reality, Upham
Beach has been nourished every 4 to 6 years. Therefore, the northern section is typically
without a beach for 2 to 4 years and the seawall anchors the shoreline. In 2006, the five
geotextile T-groins were installed in order to retain the nourishment material and to
extend the nourishment interval.

Littoral Sediments
The range in composition and texture of littoral sediments often reflects that of
nearby marine and terrigenous sediment sources (Davis, 1985). Mineral quartz sand
grains are the most common littoral zone constituent with small quantities of feldspar,
and other accessory and heavy minerals. Biogenic skeletal material content can range
from completely absent to the primary constituent and many littoral zones have a mixed
composition of biogenic and lithic components. Terrigenous material typically finds its
way to the littoral zone by way of river transport to the ocean and shoreward sediment
transport from the inner shelf over a geologic time scale. Marine sediment sources
include the biogenic component, usually locally derived. Swash, surf, and aeolian
processes rework sediments within the littoral zone. The composition and texture of
littoral sediments is largely controlled by sediment source, wave energy conditions, and
the general offshore slope (Komar, 1998).
15

Due to active transport by breaking waves, littoral sediments tend to be of a
certain grain size to be selectively transported to and remain within the littoral zone.
The suitable grain sizes depend on the potential of physical processes to initiate
transport, transport, deposit, and rework the sediment in the littoral zone. In general,
mud (clay and silt) sized grains tend to be washed away and not retained in the littoral
zone. Therefore, beach and associated littoral zone are composed of sand sized sediment
or coarser. Along Florida coast, sediment typically found in the littoral zone ranges from
very fine to very coarse sand (0.625 - 2.000 mm) based on the Wentworth (1922) scale.

Anthropogenic Influences and Shore Protection
Anthropogenic influences on the barrier-island coast include shore protection
hard structures, navigation structures and other structures isolated from the mainland
due to shoreline retreat (e.g., coastal gun batteries isolated from Egmont Key) all of
which alter coastal morphodynamics. Shore protection hard structures, including
groins, breakwaters, seawalls, and revetments, utilize concrete or boulders for
construction material. Generally, the goal of breakwaters is to reduce the energy of the
wave arriving at the shoreline and promote the settling of sediments thus leading to
local beach accretion. Groins function to block longshore sediment transport and
impound sand along the updrift side of the structures and accrete the beach there.
However, structure induced beach accretion often comes at the expense of erosion at the
neighboring beaches. For this reason, hard shore protection structures are not used as
extensively as they once were.
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Soft structures include beach and nearshore nourishments utilize sediment for
construction material. The general goal of soft structures is to introduce sediment onto
the beach in order to make up for sediment budget deficit (NRC, 1995). Beach
nourishments placed on eroding shorelines often act as a feeder beach supplying
downdrift shores which may or may not have a sediment budget deficit. Because it does
not have obvious negative impact to adjacent shoreline, soft structures are the preferred
method of shore protection in recent years.
Navigation structures include jetties, spurs, bulkheads, and channel dredging; the
first three are equivalent of hard structures constructed using concrete and rocks, while
channel dredging is comparable to soft structures. The goal of navigation structures is to
provide safe and stable vessel corridors for maritime traffic. Historically a large portion
of the dredged material from navigation channels was disposed far offshore, which may
lead to a severe deficit for the nearshore sediment budget. Recently, the concept of
Regional Sediment Management has been developed to beneficially use the dredged
material most effectively to minimize negative impact to adjacent shoreline and to
provide sand for beach and nearshore nourishment (Rosati et al., 2001, Rosati et al.,
2004). In fact, the two recent beach nourishments at Egmont Key were part of the
Tampa Bay regional sediment management to beneficially use the material dredged
from the main shipping channel.
Another situation that is directly relevant for Egmont Key involves coastal
structures originally constructed on the mainland and subsequently isolated from land
due to severe beach erosion. Once the structures, gun batteries and other concrete
support buildings in the case of Egmont Key, become exposed at or detached from the
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shoreline they may significantly alter the morphodynamics of the beach. Their presence
along the beach and in the nearshore has significant influence on the nearshore wave
field and therefore shoreline orientation and will be discussed in detail in the following
sections. In addition, their status as archeological artifacts complicates beach
nourishment practices on Egmont Key due to restrictions on construction in the vicinity
of historical artifacts.

Previous Studies at Egmont Key
Previous research on Egmont Key and its nearshore zone include the geologic
history and morphodynamics of the island (Kling, 1997) and the geologic structure and
hydrodynamics of Egmont Channel (Berman et al., 2005). Kling concluded from coastal
mapping, coring and radio carbon dating that the island is composed of numerous beach
ridge sets with three facies types: beach and nearshore, washover, and beach ridge
deposits. Age dating of the shell containing beach ridges indicates that the oldest ridges
are located in the north-central portion of the island and were formed 976 - 1,361 years
before present (BP). The youngest ridges are along the south-central portion of the
island and were formed 277 – 563 years BP. Seismic data from Berman et al. (2005)
indicate that there is a topographic high near where the oldest ridges are found.
Topographic highs may seed the formation of barrier islands as the sea level rose over
the past thousands of years (Figure 7) and paleo-shorelines have moved landward
(Davis and Kuhn, 1985; Stapor et al., 1991). The beach ridges have various orientations
with respect to each other and the modern shoreline with the older beach ridge sets
having a concave seaward shape and the younger beach ridge sets having a convex
18

seaward shape (Kling 1997). Taylor and Stone (1996) developed a conceptual model of
convex and concave beach ridge formation that highlights the importance of relative sea
level change on cross-shore sediment transport for concave and convex beach ridges
(Figure 8). Taylor and Stone’s model relates the reduction in the rate of relative sea level
rise to prograding concave ridge formation mediated by refracted waves transporting
sediment cross-shore from offshore shoals. A fall in relative sea level forms convex
ridges in similar manner by an inner shelf sediment source becoming available for
onshore transport as sea level falls. A stable sea level results in the cessation of ridge
development by the loss of source sediment from depleted offshore shoals.
In the study of Egmont Channel hydrodynamics, Berman et al. (2005) found that
karst dissolution and channel scour have formed a 29 m deep hole called Egmont Deep,
off the northern shore of Egmont Key. Stratigraphic depressions caused by dissolution
such as the one that underlies Egmont Deep appear throughout the mouth of Tampa
Bay (Suthard et al., 2002; Duncan, 1993). These depressions within the navigation
channel could be depositional areas for nourishment material eroded from beach
nourishment projects along Egmont Key’s northern beach. If so, their filling could pose
as navigational hazards and would indicate that nourishing Egmont Key’s northern area
is counter-productive to maintaining the navigation channel. Berman et al. (2005)
concluded from diver observations that if material does deposit within the channel that
it has a residence time of less than one year. Berman et al. (2005) surmised that strong
channel flow velocities within one meter of the bottom that can reach 0.8 to 1.0 m/s
would scour any material used in the beach nourishments deposited within Egmont
Deep.
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Figure 7: Sea level since the last glacial maximum from Balsillie and Donoghue, 2004
(top) and sea level of the Gulf of Mexico from Donoghue, 2011 (bottom). Global Mean
Sea Level (GMSL)
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Figure 8: Conceptual model of concave and convex beach ridge accretion (Taylor and
Stone, 1996)
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CHAPTER TWO:
STUDY AREA

The Egmont Key study area is located in west-central Florida at the entrance to
Tampa Bay (Figure 9). The island itself presently is approximately 3 km long and 0.5 km
wide. To the north of the island is Egmont Channel, Tampa Bay’s main shipping channel
and Mullet Key a right angle barrier island. To the South of the Egmont Key is
Southwest Channel and Anna Maria barrier island. Occasionally a subaerial sand body
that is called Passage Key exists within Southwest Channel, this ephemeral island waxes
and wanes in size but tends to develop in the same location. Egmont Key is not a typical
barrier island in that it is a rather small island bounded by wide and deep channels at
the two ends. The Florida Fish and Wildlife Service own and manage the island as a
state park with one permanent ranger stationed on the island, its only human
inhabitant. The U.S Coast Guard owns and operates just the lighthouse on the northern
end of the island. The U.S Fish and Wildlife Service own and manage the southern third
of the island as a National Wildlife Refuge.
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Meteorologic and Oceanographic Conditions
West-central Florida’s humid subtropical climate has been relatively stable over
the last 3000 years (Davis and Barnard, 2003). The Köppen climate classification
system classifies the study area as temperate, without a dry season, and with a hot
summer. Seasonal variations occur between summer (April – October) and winter
(November – March) in temperature, precipitation wind direction, and storminess.
The summer months are generally hot, humid, with predominant winds out of
the south, afternoon thunderstorms, and the occasional tropical cyclones. Average
monthly high temperatures in the summer range from 27.2° – 32.3°C with August
usually being the hottest month. Average monthly precipitation ranges from 66 – 236
mm in the summer from April to October with July being the wettest month (U.S.
Climate Data). Winds are usually out of the south during the summer and generally light
except for the occurrence of tropical storms. Differential heating of the land and water
along the coast produce afternoon sea breezes and thunderstorms that can become quite
intense but are short-lived.
The winter months are generally cool, dry, with winds generally out of the north
and the frequent passages of cold fronts roughly every 10-14 days (Wang et al., 2011).
Average monthly low temperatures in the winter range from 10.9° to 14.6° C with
January usually being the coldest month. Average monthly precipitation ranges from 39
mm to 77 mm in the winter from October to March with November usually being the
driest month. Winds are usually out of the north during the winter but during the
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prefrontal phase of a cold front are out of the south and quickly change direction to
northerly with passage of the front. The winter months are generally more energetic due
to increased wind speed associated with the frequent passage of cold fronts every 10 –
14 days. (U.S. Climate Data).

Winds
The study area is dominated by local wind-generated waves. Therefore, wind
speed, direction, and duration are significant factors controlling coastal
morphodynamics. Wind speed and direction measured from the NOAA station
(8726520) at St. Petersburg Florida (Figure 10), which is 20 km northeast of the
Egmont Key, from 2000-2016 are summarized in Figure 10. Since the Egmont Key
shoreline is oriented north to south, easterly wind is directly offshore and should not
have significant influence on the beach processes. During the 16-year period, from 2000
to 2016, 61% of the time an offshore-directed wind predominates.
Winds directly out of the north (o°) occur 5.1% of the time. The strong northerly
wind is associated with the passages of winter cold fronts. Winds approaching from the
west are relatively evenly distributed with time and occur less frequently as easterly
winds. Winds out of the west are particularly important to the study of beach
morphodynamics in this study area because they are directed onshore. Onshoredirected winds are operative in generating waves and therefore induce beach changes.
Since beach dynamics are strongly influenced by energetic conditions, the top 1%
wind from several onshore directions is summarized in Figure 11. The top panel shows
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the frequency of occurrence from a particular direction bracket. The bottom panel
shows the average top 1% wind speed. The highest top 1% wind speeds come from 181° 225° with the average top 1% wind speed greater than 17.0 m/s (Figure 11). The lowest
top 1% of wind speeds comes out of the north-northwest (338° - 360°) at slightly less
than 7.7 m/s. Winds out of 293 – 315 have the highest frequency of occurrence of 5.6%
with a relatively high top 1% speed of 10.1 m/s.

Waves
Wave height, period, and direction are dominant factors controlling beach
morphodynamics. The wave conditions in the study area show a distinct seasonal
variation. During the summer months when winds are typically calm, wave heights are
typically low, except under the circumstances of tropical cyclone passage. Alternatively,
during the winter months when winds are relatively stronger, wave heights are higher.
This seasonal variation is measured from a wave gauge located at the entrance to
Egmont Channel which is 15 km due west of Egmont Key. The wave gage was newly
installed and was operational from June 2015 to March 2016. During the summer
months, waves are generally less than 2 m high, with periods of 8 seconds or less.
During the winter months, an energetic wave event occurs roughly every 10-14 days
(Figure 12), related to the passages of winter cold fronts. Wave heights reached slightly
over 4 m were measured. Wave heights of 3 m or higher were measured during the four
cold front passages. Wang and Beck (2012) also measured similar seasonal patterns.
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Tides
The study area experiences a mixed tidal regime in that it has diurnal and
semidiurnal components of unequal magnitudes. The spring tide is diurnal and has an
approximate range of 0.8 to 1.2 m while the neap tide is semidiurnal with an
approximate range of 0.4 to 0.5 m (Wang et al, 2011). An example tidal record as
observed from St. Petersburg Florida for January 2016 (Figure 13) illustrates the
spring/neap tidal cycle. These tidal ranges place the study area in the micro-tidal
classification since the range is less than 2 meters. Although the range is small, tides
play an important role in the morphodynamic processes in the study area. This is due to
the large water body area (1,030 km2) and tidal prism (6.466x109 m3) of Tampa Bay that
passes by Egmont Key each tidal cycle (Galperin et al, 1991; Goodwin, 1984; Lewis and
Estevez, 1988). This large tidal prism drives strong tidal flows through the two inlets at
the both ends of the island. These tidal flows have significant influence on the
morphodynamics of Egmont Key.
The elevation of the tide and its range defines the location and cross-shore extent
of the intertidal zone along Egmont Key’s beaches. The intertidal zone would be wide if
the slope of the beach is gentle while it may be narrow if the slope is steep. This would
control the location of where waves break and sediment transport occurs. Along the
steeply sloped beaches such as along the northern, central and western shores of
Egmont Key, the intertidal zone is relatively narrow and subsequently so is the width of
the breaker zone. Along the southwestern shore near Southwest Passage, the beach is
relatively gently sloped and so the width of breaker zone is wider.
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Storms
The greater Tampa Bay area has not experienced a direct hurricane hit since
1921. However, the passage of tropical cyclones within 100 km of the study area (Figure
14) has the capability to induce significant change to the shape and morphodynamics of
Egmont Key and its adjacent inlets. The study area has experienced two near direct
impacts of hurricanes, the unnamed storms of 1944 and 1946 both of which made
landfall approximately 20 and 45 km respectively, south of Egmont Key. In total 25
tropical cyclones have passed within 100 km of the island since 1944: 1o tropical
depressions, 8 tropical storms, 2 category 1, 1 category 2, 3 category 3, and 1 category 4
hurricanes. The stronger of these storms occurred prior to 1966 (Figure 14), since then
the study area has been relatively calm with regard to tropical cyclones.

Anthropologic History
Francisco Maria Celi, a pilot for the Royal Spanish Navy, first surveyed Egmont
Key in 1757. Celi named the island Isla de San Blas y Barreda after the highest-ranking
Spanish officer stationed in Cuba who had ordered the exploration and mapping of
Tampa Bay then called San Fernando (Ware, 1971). George Gauld, a surveyor for the
Royal British Navy, surveyed the island in 1763 on orders from British Admiralty to
chart the waters of west Florida. Gauld renamed the island Egmont Key in honor of the
second Earl of Egmont, John Perceval. George McCall, a United States Army Surveyor
visited the island 1824 as part of a military reconnaissance study on the defensibility of
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Tampa Bay. McCall’s records indicate that the island contained live oak and red cedars
nearly 15 m tall as well as deer, none of which is present today.
After McCall’s visit in 1824, the significance of Egmont Key grew with the
installation of a lighthouse in May of 1848, which cost $7,050 ($200,000 2015
equivalent). Four months later in September of 1848, a hurricane that reportedly
covered the island in 2 m of water destroyed the lighthouse. A new lighthouse
constructed 10 years later in 1858 for $16,000 ($471,000 2015 equivalent) still stands
and provides aid to navigation to this day. In March of 1849, soon to be famous Civil
War General Robert E. Lee then a Colonel visited the island to report to congress on the
defensibility of Tampa Bay from Egmont Key and other coastal locations. Lee’s report
concluded that the island currently had little value in military use. Lee also reported that
the possible population growth of Tampa, along with its location midway between
military installations in Pensacola and Key West Florida, and its exceptionally deep
harbor warranted defenses be installed (Report of the Board of Engineers on the
Defense of the Coast of Florida, 1848 and 1849). Ultimately, the Spanish-American War
in the summer 1898 spurred the militarization of Egmont Key due to continued tensions
between the wars belligerents . Construction of military facilities began in 1899 and
included nearly 70 buildings, five of which are gun batteries. In honor of Major Francis
L. Dade, killed in action during the Second Seminole War in 1835, the installation was
named Fort Dade. Fort Dade never saw any combat action, inactivated on August 31,
1921, bequeathed to the state of Florida in 1960, and turned into a Florida State Park in
1992.
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During the third Seminole War (1856 - 1858), Federal Forces imprisoned
Seminole Indians on Egmont Key. The captives included nearly 300 men, women, and
children waiting transport west (1860 population, slave, and agricultural censuses,
Duval County, FL). A prison, constructed on the island in 1857 to house the Seminole
people saw use until the war ended in 1858. While interned on Egmont Key a number of
Seminoles passed away including Tiger Tail. Tiger Tail was a Seminole leader who
committed suicide on the island by consuming crushed glass, he preferred death to
forced migration west (Thompson, 2012). The Seminole Tribe of Florida indicates that
the remains of Tiger Tail and other Seminole Indians are on Egmont Key, their burial
locations are possibly near the center of the island, but it is also possible that the human
remains have eroded away from the island (Amrhein, 2013).

Dredging Activities at the Mouth of Tampa Bay
Egmont Channel is an extensively modified navigation waterway dredged
numerous times in order to deepen and/or maintain (Figure 15) a safe vessel corridor
into Tampa Bay. The earliest navigation chart available is from 1895 (Figure 16) and
indicates that the natural depth of the navigational channel area was approximately 5.7
m below mean low water (MLW).By 1903, the channel was deepened by dredging to 7.3
m and deepened further to 7.9 m by 1916. In 1951, the United States Army Corps of
Engineers (USACE) took over dredging operations and by 1962 Egmont Channel was
excavated to 10.9 m depth. Between 1962 and 1980, the channel remained constant in
depth, being neither scoured, filled, nor artificially deepened. In 1970, the U.S. Congress
authorized and funded the Tampa Harbor Deepening Project in order to deepen the
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navigation channels throughout Tampa Bay to 13.7 m. Throughout the 1970’s Tampa
Bay’s interior channels were dredged and the material was disposed in numerous spoil
areas along the southern flank of the navigation corridor including Egmont Channel
(Figure 17, blue boxes). In the early 1980’s, Egmont Channel itself was dredged as the
last portion of the project and the material was also disposed of in spoil areas along the
southern margin of the channel.
Information concerning volumes dredged from the channel and disposal
locations is scarce but it is estimated that nearly 9.1 x 107 m3 has been placed in an
offshore dredge material management area 33 km west of Tampa Bay, a disposal area 5
km offshore and as numerous spoil areas along Egmont Channel’s margin (Loeb, 1994).
Of particular interest to this study are the spoil areas along the margins of the channel
placed in 1977-84 (Figures 16) due to their close proximity to Egmont Key, their
influence on the wave field in the vicinity of Egmont Key is examined in this study using
a numerical wave model.
Egmont Key is directly adjacent to two very large tidal inlets, Egmont Channel to
its north and Southwest Passage to its South. At present, Egmont Channel handles 3744% of the total flow, Southwest Passage handles 23-30%, Passage Key Inlet handles 410%, and other inlets such as Bunces Pass and Pass-a-Grill to the north of the study area
handles 16-36% of the total flow from Tampa Bay. As discussed above, anthropogenic
activities have resulted in considerable changes to some of the channels. For example,
the depth of Egmont Shipping Channel was increased from 5.7 m in 1895 to 13.9 m by
1985, an increase of 244%. Goodwin (1987) conducted a numerical modeling study on
the influences of channel dredging and material disposal on tidal driven circulation
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patterns in Tampa Bay. He concluded that the anthropogenic activities had significant
influences on the overall circulation patterns within Tampa Bay. However, the spatial
resolution of the Goodwin (1987) model was too coarse to resolve detailed tidal flow
pattern changes in the immediate vicinity of the Egmont Key. Nevertheless, based on his
findings, it is reasonable to believe that the dredging at Egmont Channel would improve
the channelized flow there and subsequently weaken the tidal flow through the
Southwest Passage. Detailed modeling of tidal flow patterns in the vicinity of Egmont
Key is beyond the scope of this study.

Shore Protection Measures along Egmont Key
Previous shore protection measures along Egmont Key included beach and
nearshore nourishments and installation of geotextile groins. In 2002, the first shore
protection project was constructed in response to shoreline retreat threatening
numerous historical structures along the northern portion of the island. The initial
project consisted of beach nourishment and the installation of two geotextile groins on
the northern portion of the island (Figure 18). The beach received material from the
maintenance dredging of Egmont Channel. In 2006, the beach was renourished and the
geotextile groins reinstalled. The material used for fill was acquired from the Egmont
Borrow area, which is a few kilometers north of the island. No monitoring studies were
conducted to examine the performance of the 2002 and 2006 beach nourishments and
the geotextile tube groins.
In late 2014, construction began on two nourishments at Egmont Key’s northern
and southern beaches and was completed in early 2015.The source of the material is
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Egmont Channel which was dredged as part of its regular maintenance. The northern
nourishment included the reinstallation of the geotextile tube groins. The design of the
northern nourishment is similar to the previous nourishments placed in 2002 and
2006. The western nourishment is a unique type of nourishment called Cross Shore
Swash Zone (CSSZ) placement. The design calls for the placement of material within the
intertidal swash zone and is intended to provide material to adjacent beaches by natural
sediment transport processes. A relatively large amount of mud sized material existed at
the borrow site and was dredged and placed at the two nourishment sites. A detailed
monitoring was conducted by this study. In addition, the fate of the mud sized sediment
was examined.
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Figures

Figure 9: Egmont Key study area. Top left inset, Florida. Bottom left inset, Tampa Bay.
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Figure 10: Wind rose for St. Petersburg Florida 2000 to 2016.
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Figure 11: Top 1% of wind speeds (top) and the percent occurrence (bottom) of all wind
speeds for the westerly directions.
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Figure 12: Significant wave height, peak period, and principle direction from Egmont
Channel Entrance.
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Figure 13: Study area tidal regime from St. Petersburg, Florida, January 2016 (NOAA)
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Figure 14: Maximum sustained winds (top) and track map all storms (middle), track
map for the large storms (1944 – 1968) (bottom) for tropical cyclones passing within
100 km of Egmont Key.
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Figure 15: Dredging history of Egmont Channel derived from NOAA nautical charts
(1895 – 2013).
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Figure 16: Navigation charts of Tampa Bay’s tidal inlet entrance (1885 – 1966).
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Figure 17: Navigation charts of Tampa Bay’s tidal inlet entrance (1978 – 2000).
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Figure 18: Previous shore protection measures along Egmont Key, Florida. This portion
of the island contains numerous historic infrastructures. Geotextile tube groins are
located at the red lines.
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CHAPTER THREE:
METHODS
Extensive field and historical image data were collected by this study to depict
historical shoreline change, beach state prior to the 2014 nourishment, performance of
the 2014 nourishment, and temporal and spatial evolution of sediment characteristics
associated with the 2014 nourishment. In addition, a numerical wave modelling study
was conducted to examine the beach processes.

Measurement of Historical Change in Island Shape and Area
Measurements of historical change in island shape, area, and shoreline position
were conducted using time-series aerial imagery retrieved from a variety of online data
sources, which included the University of Florida’s Digital Collection, United States
Geological Survey’s EarthExplorer, and the National Oceanographic and Atmospheric
Administration’s Digital Coast. To ensure quality data, images with 25% cloud cover
over the shoreline, blurry, off nadir, or lacking 75% of the island on a single frame were
excluded. In total 17 images are found to be of acceptable quality and range from 1942 to
2013. Each accepted image was georectified using the Aeronautical Reconnaissance
Coverage Geographic Information System (ARCGIS) with a minimum of 10 registration
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points. Registration points include anthropogenic structures on the island prior to 1942
such as the lighthouse, mine wharf, gun batteries, as well as other historical structures.
The purpose of the georectification is to accurately scale images to a geographic
coordinate system for the measurements of physical dimensions of various features. The
accuracy of the georectification is dependent on the number of registration points used
and the diligence of placement. The horizontal error of a georectified image varied over
the entire image and in general was more accurate near a registration point and less
accurate further away. A conservative estimate of horizontal error of the 17-image data
set is approximately 10 m.
The position of the vegetation line was digitized approximately every 10 m from
the 17 historical aerial photos. The vegetation line was used here because it is easily
identifiable (Boak, 2005) from the aerial photos and is not influenced by tide stage.
Based on digitized vegetation line, the time-series area and shape of the island were
calculated. In order to provide an accurate reference for the present island shape, the
surveyed high-high tide (HTT) positions around the entire island was overlain on the
digitized photos. The HHT was surveyed by this study using a RTKGPS on September
29, 2014. The HHT shoreline instead of the vegetation line was surveyed because
accurate RTKGPS positions could not be obtained at many locations due to dense
vegetation. Therefore, the digitized vegetation line and the measured HHT on the
ground do not represent identical features. The overall goal of this part of the study is to
quantify historical changes in island area and shape.
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Beach Profile Survey
In order to document detailed beach changes, beach profile transects at 28
locations (Figure 19) along the Gulf, Channel, and Bay facing beaches were established
by this study. Horizontal and vertical survey controls (i.e. benchmarks) were established
using a RTK-GPS in August 2012. Profile spacing is approximately 120 m and most of
the profiles are along the Gulf facing beaches. Beach profile measurement followed
standard level-and-transit procedures using a Topcon GTS-240NW electronic total
survey station and a 4-m prism pole. Most of the survey lines extended onto the flat
nearshore platform for at least 50 m. Because the bathymetry over the flat platform did
not change significant over the study period, it is reasonable to assume that the survey
extended to the short-term closure depth (Wang and Davis, 1998). Ten surveys were
conducted along the 28 transects from August 2012 to August 2015 to capture the short
term beach changes and beach nourishment evolution.
The surveys were conducted using the projected North American Datum of 1983
(NAD 83). All profile elevation measurements are referenced to the North American
Vertical Datum of 1988 (NAVD 88) which is 12.6 cm above the mean sea level (MSL) at
NOAA tide station Mullet Key ( station I.D 8726364), 4 km east of Egmont Key. At the
Mullet Key station NAVD 88 +0.094 m is equivalent to mean high water (MHW); NAVD
88 +0.170 m is equivalent to mean higher-high water (MHHW); NAVD 88 – 0.370 m is
equivalent to mean low water (MLW); and NAVD -0.464 m is equivalent to mean lowerlow water (MLLW). The MHHW and MLLW levels are included in beach profile
illustrations to indicate the intertidal zone where active sediment transport occur.
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Beach-profile analysis was conducted using the Regional Morphology Analysis Package
developed by USACE.

Figure 19: Bach profile locations, Egmont Key Florida, established August 23, 2012.
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Beach profile measurement was a two-stage process including a walking portion
and a swimming portion although the same level-and-transit procedures were followed
(Figure 20). Along the walking portion of the profile, slope changes such as the dune
crest, dune toe, backbeach, scarp, foreshore, scarp, and trough-bar (when not too deep)
could be captured accurately by the rod person. Along the swimming portion of the
profile, slope changes could not be “felt” by the rod person. Survey points were collected
at a certain distance interval. Therefore, the exact locations of slope changes might not
be accurately captured. Subsequently, the exact location where the profile flatten out
might not be captured accurately.

Figure 20: Beach profile measurement at Egmont Key, Florida (12/31/14). Here the
surveyor/swimmer is preparing to move into and measure the water portion of the
profile.
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Sediment Sampling and Analysis
In order to depict the temporal and spatial evolution of sediment characteristics
related to the 2014 beach nourishment, a total of 314 Sediment samples were collected
from the borrow area and the placement areas. The samples from the borrow area were
collected from sediment cores. The USACE Multipurpose Vessel Snell conducted
sediment core sampling along the margins of Egmont Channel in April 2013. The Snell
utilized a hydraulic vibracoring apparatus (Figure 21) to collect thirty-nine 1.8 m cores
from within the dredge template. USACE delivered the cores to the USF Coastal
Research Lab (CRL) on April 5. The cores were split lengthwise with one half being
archived and the other half used for sediment sampling and analysis. Visual
characterization of each core was accomplished prior to sediment sample extraction in
order to aid in selecting sample locations. One sample from each distinctive layer
greater than approximately 30 cm was taken and each sample is a 5 cm x 10 cm
diameter portion of the split core resulting in an approximately a 200 g sample.

Figure 21: Coring operations aboard the Multipurpose Vessel Snell, Egmont Channel,
Florida (4/3/2013). Vibracore apparatus being prepared for deployment (left), vibracore
apparatus in operation (right).
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In order to quantify the sediment grain size evolution of Egmont Key’s beach with
regard to the 2014 nourishment project, surficial sediment samples along 11 of 28
profile transects were collected. Each sample was collected by using a 4 by 12 cm PVC
pipe sealed on one end. Similar to the measurement method used for beach profile
survey the sampling scheme was based on morphology characteristics, with samples
collected from the dune to the short-term depth of closure. On average 7 samples were
taken from each profile with approximately half being taken on the subaerial beach and
the other half from subaqueous portion of the profile.
Processing and analysis of the samples collected from the channel margins and
the beach were conducted following the ASTM D6913-04 (Standard Test Methods for
Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis) guidelines. Sieves
used for analysis ranged from -4 ϕ (16 mm) to +4 ϕ (0.062 mm). Mean grain size and
sorting were calculated using the moment method.
Surface sediment samples were collected three times: before the beach
nourishment, immediately after, and 5 months after. Sediment characteristics at these
three times were compared to examine the redistribution of different size fractions of
the sediment.

Numerical Wave Modelling
In order to depict beach and nearshore processes, the most up-to-date version of
the Coastal Modelling System’s Wave module (CMS-Wave) was used in this study. The
49

CMS-Wave model, developed by USACE, is a spectral wave transformation model that
solves the steady-state wave-action balance equation on a uniform Cartesian grid. The
model solves the wave-action balance equation using a forward marching finite
difference method (Maser et al., 2001; Lin et al, 2010). The model considers wind wave
generation and growth, diffraction, reflection, dissipation due to bottom friction,
whitecapping and breaking, wave-wave interactions, wave runup, setup, and
transmission through structures. The model features described above are directly
applicable to this study.
The CMS-Wave model construction, execution, and output analysis were
facilitated by a graphical interface, the Surface Water Modelling System (SMS). SMS
allows convenient construction of the model computational grid, and in the case of this
study is a 10 x 10 m regular Cartesian grid that encompasses the island, its Gulf facing
nearshore area out to 13 km, and both Egmont and Southwest Channels.
Wave propagation pattern is strongly influenced by bathymetry. The input model
bathymetry was obtained from two sources, the Joint Airborne Lidar Bathymetry
Technical Center of Expertise (JALBTCX) and NOAA’s Coastal Relief Model (CRM). The
CRM’s 90-m resolution gridded product covers a 281 km2 area from Anna Maria island
to Mullet Key to 14 m depth, which is approximately 13km seaward of the island.
JALBTCX’s 2012, 5-m resolution gridded product covers a 30 km2 area including the
island and surrounding nearshore area and portions of both channels. The JALBTX data
were adjusted to mean sea level, the same elevation reference as the CRM. The data sets
where merged and the portion of the CRM covered by JALBTX product was replaced
with the more accurate JALBTX data. The model’s bathymetric input includes the
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island, the entrance to Tampa Bay, a large part of the ebb-tidal delta, and Egmont
Channel.
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CHAPTER FOUR:
RESULTS

Historical Shoreline Change Depicted from Time-Series Aerial Imagery
To depict the historical shoreline change of Egmont Key, 17 historical aerial
images from 1942 - 2013 were examined and twelve of the images are displayed in
Figures 22 and 23. The focus of this portion of the study is to characterize the timeseries change of the island area and shape.
In May of 1942, the Gulf-facing shoreline of Egmont Key was convex seaward
across its entire length. The entire island extended further north and not as far south as
it does presently. Transverse bars can be identified offshore the middle of the island in
this early photo. Twenty years later in 1962 the island maintained approximately the
same shape but was slightly narrower in width, did not extend as far north and extended
slightly further south than it did in 1942. Two swash bars over the channel margin linear
bar complex near the Southwest Passage can be identified to be attaching to the
shoreline in this image that were not apparent in the 1942 image. Seven years later in
1969, the island continues to decrease in width due to the erosion along its Gulf-facing
shore. The northern end continued to retreat southward while the southern end
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continued to grow further south. The transverse and channel linear bars are not
observable in this image due to low image quality.
Fifteen years later in 1984, the island continued to lose width owing to the
erosion along its Gulf-facing shore and the southward migration of the entire island
continued. The Gulf-facing shore was for the most part still convex seaward. However, it
can be clearly identified that the continued shoreline erosion had resulted in the
exposure of the coastal gun batteries Burchstead and John Page at the shoreline. The
shoreline exposure of this rather large cluster of structures caused a quite abrupt
shoreline orientation change in its vicinity near the southwest portion of the island.
Nine years later in 1993, the continued retreat of the island’s Gulf-facing shore
resulted in a significant loss in island width. The northern end appears to have
stabilized, and the southern end has curved eastward. At this time, batteries Burchstead
and John Page has been completely isolated from the island and a tombolo type feature
was formed behind the structure. Two years later in 1995, the width along the Gulffacing shores has decreased further, the northern end advanced slightly to the north
while the southern end slightly extended to the west and south. The gap between the
island shoreline and the nearshore batteries has widened slightly and the tombolo like
feature was still present. Due to improvements in image quality, numerous transverse
bars are apparent offshore the Gulf-facing shore. Swash bar attachments over the
channel margin linear bar complex near Southwest Passage can be identified.
Four years later in 1999, the northern one-third of the Gulf-facing shoreline
island has changed from a convex shape to a shore concave shape. The middle portion of
the island remained a shore convex shape. Continued shoreline retreat along its entire
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Gulf-facing shore increased the gap between the batteries and the island. The southern
end accreted further.
Three years later in 2002, the northern beach was nourished and for the most
part restored a shore convex shape due to large amount of sand placement. The overall
width of the island continues to decrease due to shoreline retreat and the southern end
extends further to a position that is currently maintains. Three years later in 2005, most
of the subaerial portion of the nourishment has been eroded away and the northern
portion again became a concave seaward shape. Continued retreat of the Gulf-facing
shore was by then approaching another historical fort structure, a large concrete
powerhouse. The powerhouse is 250 m east of the gun batteries Burchstead and John
Page. In addition, a concrete reservoir near the northwestern portion of the island was
also being exposed at the shoreline.
Two years later in 2007, the northern beach was renourished and again it
restored a convex seaward shape. The powerhouse was located along the active
intertidal zone. The convex shoreline shape in the middle of the island has become quite
subtle. Two years later in 2009, most of the northern renourishment has been eroded
away and the shoreline there became relatively straight. For the most part the middle
and southern portions of the shoreline were stable. The entire island was similar to the
present shape and orientation. Four years later in 2013, almost all of the northern
nourishment has been eroded away and the shoreline there has again reassumed a
concave seaward shape. Both the powerhouse and the reservoir were further in the surf
zone and caused noticeable changes in shoreline orientation.
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Figure 22: Historical imagery from 1942 – 1995 compared to the high-high tide
shoreline surveyed in 2014 (green line).
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Figure 23: Historical imagery from 2007 – 2013 compared to the high-high tide
shoreline surveyed in 2014.
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The overall area of Egmont Key has decreased significantly from 1942 to 2014
based on the historical aerial photos. The rate of aerial loss increased significantly
during two periods: from 1979 to 1984 and from 1999 to 2002 (Figure 24). In 1942, the
area of the island as distinguished from the vegetated dune line is approximately 2.1
km2. In the 37 years between 1942 and 1979, island area decreases steadily to 1.7 km2,
which suggests a rate of loss of 10,800 m2/year. In the 5 years between 1979 and 1984,
the island lost another 0.3 km2 of vegetated area at the rate of 60000 m2/year. In the 9
years between 1984 and 1993, the island lost another 0.1 km2 of area at a rate of 11,100
m2/year. In the 6 years between 1993 and 1999, the island lost a further 0.1 km2 at a rate
of 16,700 m2/year.
In the 3 years between 1999 and 2002, the island experienced a second
significant acceleration in vegetated area loss. During this period, the island lost 0.2 km2
of area at a rate of 66,000 m2/year. In 2002, Egmont Key received its first beach
nourishment of its Gulf and Egmont Channel facing northern beaches (and renourished
in 2006). The beach nourishments acted as a buffer between the Gulf and the island’s
vegetation. Subsequently, the rate of vegetated area loss declined substantially. In fact,
between 2007 and 2010, there was a net gain of vegetated area of 5000 m2, which
suggests a rate of 1600 m2/year. In the 4 years between 2010 and 2014, the island began
losing vegetated area again with nearly 7000 m2 lost at a rate of 1800 m2/year. As of
2014, the island has a vegetated area of approximately 1 km, indicating that since 1942
nearly 52% of the island’s vegetated area has been lost.

57

Figure 24: Area of Egmont Key from the vegetated dune line 1942 – 2013.

Beach-Profile Changes Prior to the 2014 Beach Nourishment
In order to further examine the beach processes at finer temporal and spatial
scales than based on the above historical aerial photos, 28 beach profiles were surveyed
(Figure 19). In this section, selected beach profiles that are representative of the changes
are discussed.
Beach profile R1 (Figure 25) is located 75 m north of Southwest Passage and is
relatively stable. From February to March 2014, the profile accreted slightly in the upper
portion of the intertidal zone and eroded a similar amount in the lower portion of the
intertidal zone. From March to September 2014, the entire profile was eroded and
shifted landward.
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Figure 25: Beach profile R1, (10/2/2014 – 9/15/2014). This is the closest beach profile
to Southwest Channel.

Beach Profile R4 (Figure 26) is 0.7 km north of Southwest Passage and is
relatively stable. From February to March 2014, the beach eroded above the MHHW
contour as much as 5 m landward, while remaining largely unchanged over the rest of
profile. From March to September 2014, the beach accreted above the MHHW contour
as much as 6 m seaward. The subtidal zone accreted slightly. This beach is 250 m south
of the structures, batteries John Page and Burchstead in the nearshore area and the
powerhouse in the surf zone. The nearshore gun batteries may decrease the amount of
wave energy this beach receives from northerly waves thus promoting its stability.
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Figure 26: Beach profile R4, (10/2/2014 – 9/15/2014).

Beach profile R6 (Figure 27) is 0.9 km north of Southwest Passage and
immediately south of the gun battery structures in the nearshore and the powerhouse in
the surf zone. From August 2012 to February 2014, the shoreline retreated landward 15
m. The beach between 1.7 m and -1.8 m NAVD88 contours was eroded significantly with
a decrease in elevation of up to 1.2 m. From February to March 2014, the profile eroded
slightly in upper portion of the intertidal zone and accreted in the subtidal zone. From
March to September 2014, the profile recovered to August 2012 status. This accretion is
likely related to the impoundment of the northerly moving sediment during the summer
season, while the erosion measured earlier is related to the blocking of the southerly
moving sand by the powerhouse structure during the winter. It is worth noting that the
interval between August 2012 and February does not represent a winter season.
However, late February typically represents the end of winter and the changes measured
before that should be strongly influenced by the winter changes.
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Figure 27: Beach profile R6, (8/23/2012 – 9/15/2014). This beach profile is
immediately south of the gun batteries located in the nearshore and the powerhouse in
the surf zone.

Beach Profile R7 (Figure 28) is 1 km north of Southwest Passage and immediately
north of the nearshore batteries and the powerhouse structure on the beach. From
August 2012 to February 2014, the shoreline advanced seaward approximately 10 m.
Beach accretion occurred above the MLLW. From February to March 2014 the above
deposition was mostly eroded. From March to September 2014, the above beach erosion
continued. The beach change measured at this location corresponds to the changes
measured at the south side of the powerhouse structure, reflecting the influence of the
structure to the seasonal trend of longshore sediment transport.

61

Figure 28: Beach profile R7, (8/23/2012 – 9/15/2014). This beach profile is
immediately north of the gun batteries located in the nearshore and the powerhouse in
the surf zone

Beach profile R11 (Figure 29) is 1.4 km north of Southwest Passage and is nearly
in the middle of the island. This profile is located near the southern boundary of the
CSSZ nourishment constructed in late 2014. Beach changes after the nourishment are
discussed separately in the following. From August 2012 to February 2014, the entire
beach profile accreted seaward about 10 m. From February to March 2014, the profile
further accreted slightly in the lower portion and the subaerial beach was eroded
slightly. From March to September 2014, the entire profile shifted landward to
approximately the August 2012 position, likely influenced by seasonal fluctuations.
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Figure 29: Beach profile R11, (8/23/2012 – 9/15/2014).

Beach profile R12 (Figure 30) is 1.5 km north of Southwest Passage and at the
center of the CSSZ nourishment in 2014. This profile essentially did not change from
August 2012 to September 2014. The seasonal variations observed at the profile to the
south were not measured at this location.
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Figure 30: Beach profile R12, (8/23/2012 – 9/15/2014).

Beach profile R13 (Figure 31) is located 1.6 km north of Southwest Passage and
near the northern boundary of the CSSZ nourishment in 2014. Similar to R11, this
profile is remarkably stable and does not show seasonal variations as measured further
south.
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Figure 31: Beach profile R13, (8/23/2012 – 9/15/2014).

Beach profile R17 (Figure 32) is 0.9 km south of Egmont Channel and
immediately south of the concrete reservoir structure that is within the active surf zone.
From August 2012 to February 2014, the entire profile was eroded and shifted landward
up to 20 m. From February to March 2014, the profile remained fairly stable. From
March to September 2014, nearly the entire profile accreted and shifted seaward up to
10 meters. Similar temporal pattern of beach changes was measured directly south the
other structure as discussed above, reflecting the interaction of the structure with the
seasonal trend of longshore sediment transport.
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Figure 32: Beach profile R17, (8/23/2012 – 9/15/2014). This beach profile is located
immediately south of the large concrete reservoir structure.

Beach profile R18 (Figure 33) is located 0.8 km south of Egmont Channel and
immediately north of the reservoir structure that is in the active beach zone. This profile
is at the southern boundary of the beach nourishment constructed in 2014. From August
2012 to February 2014, the entire profile was eroded and shifted landward up to 10 m.
From February to March 2014, the beach accreted above the MLLW. Overall, the beach
change measured here is different from that measured just north of the other structure
in that a beach gain at the end of the 2012 winter season was not measured. This may
indicate a net northward longshore transport, likely associated with the alongshore
flood tidal flow toward the Egmont Channel. Relatively strong tidal flow, during both
flood and early ebb stage toward the Egmont Channel was observed during the field
survey.
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Figure 33: Beach Profile R18, (8/23/2012 – 9/15/2014). This beach profile is located
immediately north of reservoir.

Beach profile R21 (Figure 34) is located 400 m south of Egmont Channel and is
within the northern beach nourishment area. This profile illustrates a persistent erosive
trend. From August 2012 to March 2014, the entire profile shifted landward up to 15 m
with elevation decrease of 0.5 - 1.5 m. From March to September 2014, the erosive trend
largely continued.
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Figure 34: Beach profile R21, (8/23/2012 – 9/15/2014).

Beach profile R22 (Figure 35) is located 300 m south of Egmont Channel and is
within the northern nourishment zone and is persistently erosive. This profile is also
immediately south of the two geotextile groins at the North end of Egmont Key. From
August 2012 to March 2014, the profile eroded and shifted landward of up to 10 m and
decreased in elevation of up to 1 m throughout the intertidal and subtidal zones. From
March to September 2014, the erosive trend continued with significant sand loss in the
subtidal zone.
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Figure 35: Beach profile R22, (8/23/2012 – 9/15/2014). This Beach profile is located
south of the geotextile tube groins.

Beach profile R24 (Figure 36) is 100 m south of Egmont Channel and is within
the nourishment area in 2014. This profile is in between the two geotextile groins at
North end of Egmont Key. From August 2012 to February 2014, the entire profile
shifted landward up to 30 m, with an elevation decrease of as much as 2 m at the low
dune area. From February to March 2014, this profile accreted slightly in the intertidal
zone. The accretion continued till September 2014. Based on field observation by the
rod person, the beach change here is strongly influenced by tidal flow. The two groins do
not appear to have stopped the beach erosion at this location.
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Figure 36: Beach profile R24, (8/23/2012 – 9/15/2014). This beach profile is located in
between the two geotextile tube groins.

Beach Profile R25A (Figure 37) is at the northern tip of the island and extends
toward Egmont Channel, and is within the northern nourishment area. This profile is
immediately north of the two groins. The most severe beach erosion along the entire
island is measured at this location. From August 2012 to February 2014, the entire
profile shifted landward up to 60 m with elevation loss of about 2 m across the entire
profile. The rod person observed that hard bottom was exposed along the February 2014
profile. The beach was eroded so severely that the survey transect had to be reestablished after February 2014 because the original survey benchmark was in deep
water.
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Figure 37: Beach Profile R25A, (8/23/2012 – 2/10/2014). This profile shows severe
erosion which has reached historical infrastructure.

Performance of the 2014 Beach Nourishment Project
In order to quantify the performance of the most recent shore protection projects
on Egmont Key, the survey of the 28 beach profiles discussed above were continued. The
beach profiles were surveyed more frequently than before the nourishment
corresponding to the various phases of nourishment construction and its subsequent
change.

Cross-Shore Swash Zone (CSSZ) Nourishment in the Southern
Portion of the Island
Nourishment of the southwestern shores of Egmont Key approximately 300 m
north of the powerhouse structure to the south (Figure 38) was conducted from January
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to March 2015. A total of 62,000 m3 of material was placed. The nourishment was built
to a maximum elevation of 0.8 m above NAVD 88, which is much lower as compared to
a typical beach nourishment elevation of 1.3 m in this area. The term CSSZ was used in
the USACE documents and is adopted here.
In order to relate wave conditions to beach changes that occurred after
construction, the wave heights and periods from March to August 2015 are illustrated in
Figure 39. Included in Figure 39 is the date of the beach profile surveys, which aids in
describing the measured beach changes in relation to wave energy. From March to early
June, the wave height were for the most part low and average around 0.4 m. There are
two moderately high-energy events in late March and late April that produced
approximately 1.5 m waves with periods of nearly 7 s. From early June to August wave
energy increased significantly with an average wave height of 0.6 cm. During this
period, high-energy wave events occurred more frequently than the previous 3 months.
The most energetic event was in early August with 2.4 m waves with about 8 s periods.
The March and May beach profile surveys were conducted during the relatively calm
period. It is expected then that the beach changes measured during this period will
reflect the low energy conditions. The June and August surveys were conducted during
the relatively higher wave energy period.
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Figure 38: Egmont Key western nourishment area profiles and HHT shoreline.
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Figure 39: Wave height and period as measured and modelled at the offshore entrance
to Tampa Bay. WAVEWATCH III model data covers from March to June while CDIP
gauge data covers from June to August.

Beach profile R10 (Figure 40) is located at the southern margin of the CSSZ
nourishment. The fill material this profile received between September 2014 and March
2015 was mostly located below MLLW. From March to May 2015, the beach slightly
accreted in the subtidal zone below MLLW. From May to June 2015, the beach for the
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most part did not change. From June to August, accretion occurred across the entire
beach profile below MHHW. Some sedimentation occurred above the landward limit of
the nourishment suggesting a net onshore sediment transport. Because this profile is
located at the southern end of the nourishment area, the accretion was likely the result
of longshore spreading of the salient shaped nourishment. The wave conditions were
mostly calm between March and June, 2015 surveys (Figure 39). This corresponds to
the generally small beach changes. A series of energetic storms occurred between June
and August (Figure 39), which caused the significant beach changes especially the
sedimentation above the upper limit of the fill.

Figure 40: Beach profile R10 after nourishment (9/15/14 – 8/17/15).

Beach profile R11 (Figure 41), is just south of the apex of the salient shaped CSSZ
nourishment. The fill material at this profile was mostly located below MHHW. From
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March to May 2015 this profile gained considerable amount of sediment on the
subaerial beach above the fill limit, indicating a net onshore sediment transport. From
May to June, the profile did not change much likely due to the calm conditions (Figure
39). From June to August, the entire profile was eroded and shifted landward. The sand
eroded from this profile likely contributed to the accretion at the profile to the south, as
discussed above.

Figure 41: Beach profile R11 after nourishment (9/15/14 – 8/17/15).

Beach profile R12 (Figure 42), is located at the apex of the fill template (Figure
38). Substantial amount of sediment was placed above MHHW and extended the
shoreline (0 m NAVD88) about 60 m seaward and increased the elevation of the beach
up to 4 m. From March to May 2015, the shoreline location at this profile retreated
landward over 20 m, with the entire profile shifted landward. From May to June, the
profile was relatively stable due to the calm weather. From June to August, an active
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berm above the 0.8 m NAVD 88 fill elevation was developed, benefiting from the
erosion below the 0.8 m elevation. The development of the active berm was also
measured at the adjacent beach profiles. It is worth noting that this profile was relatively
stable before the nourishment (Figure 30). The measured post-nourishment beach
erosion is related to the adjustment of the artificial perturbation.

Figure 42: Beach profile R12 after nourishment (9/15/14 – 8/17/15).

Beach profile R13 (Figure 43) is located at the northern end of the CSSZ
nourishment. The nourishment extended the supratidal beach 20 m seaward and
increased the elevation of the beach of up to 2 m. From March to June, this profile was
mostly stable, with some accretion in the subtidal zone. From June to August, the profile
experienced some erosion, mostly above the MLLW. This relatively small beach change
can be attributed to the longshore spreading from the apex and possible sand supply
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from the much bigger beach nourishment at the northern end discussed in the
following.

Figure 43: Beach profile R13 after nourishment (9/15/14 – 8/17/15).

Beach Nourishment at the Northern End of Egmont Key
Nourishment of the northern shores of Egmont Key utilized the typical
nourishment design in this area (Roberts and Wang, 2012) and built the beach to an
elevation of approximately 1.3 m above NAVD 88. The nourishment extended the
shoreline seaward 85 m at a maximum, and used 205,000 m3 of material. Construction
began in September 2014 and finished in March 2015 (Figure 44).
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Figure 44: Egmont Key northern nourishment area profiles and HHT shoreline.
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Beach profile R20 (Figure 45) is located along the southern taper zone of the
nourishment. This profile is immediately north of the concrete reservoir structure in the
surf zone. The nourishment shifted nearly the entire profile 40 m seaward and increased
the elevation of the beach up to 1.6 m. From March to May 2015, an active beach berm
that had formed previously grew moderately. This profile was essentially unchanged
below MLLW. From May to June, the active berm did not change and there was slight
erosion near the MLLW level. From June to August the active berm accreted landward
and eroded along its Gulf facing slope. The development of the active beach berm would
seem to indicate a net onshore sediment gradient.

Figure 45: Beach profile R20 after nourishment (9/15/14 – 8/17/15).

Beach profile R21 (Figure 46) is located near the southern end of the beach
nourishment. The nourishment shifted nearly the entire profile 50 m seaward and
increased the elevation of the beach up to 3 m. From March to June 2015, the profile
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was rather stable with slight erosion above the MLLW. Slightly more erosion was
measured between June and August due to the more energetic conditions. The relatively
small beach changes at this location can be attributed to sand supply via longshore
spreading of the main part of the nourishment to the north.

Figure 46: Beach profile R21 after nourishment (9/15/14 – 8/17/15).

Beach profile R22 (Figure 46) is near the center of the beach nourishment
project, immediately south of the two geotextile groins. The nourishment shifted the
entire beach profile 60 m seaward and increased the elevation of the beach of up to 3.5
m. From March to May 2015, the entire profile shifted 12 m landward, likely due to
longshore spreading. From May to June, the profile was relatively stable. From June to
August, significant beach-profile change was measured, with a landward shoreline
retreat of 17 m. The beach profile also evolved from a steep constructed profile to a more
gentle shape that is similar to the pre-nourishment profile. This reflects the post81

nourishment beach profile equilibration, which is strongly influenced by the first postnourishment energetic conditions (Roberts and Wang, 2012).

Figure 47: Beach profile R22 after nourishment (9/15/14 – 8/17/15).

Beach profile R23 (Figure 48) is also located near the center of the beach
nourishment and is in between two groins which were buried during this time. The
nourishment shifted the beach profile up to 90 m seaward and increased the elevation
up to 3.9 m. This profile is located at the apex of the nourishment. From March to May
2015, this profile shift roughly 9 m landward. From May to August, the profile shifted up
to 26 m landward due to the energetic conditions. It is worth noting that the geotextile
groins were buried during this period and should not have any influence on the beach
performance.
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Figure 48: Beach profile R23 after nourishment (9/15/14 – 8/17/15).

Beach profile R24 (Figure 48) is located at the northern portion of the beach
nourishment immediately north of the two buried groins. The nourishment shifted
nearly the entire beach profile 50 m seaward and increased elevation up to 3 m over the
nourished area. Different from the erosive trend measured at the profiles to the south,
from March to May 2015, nearly the entire profile shifted approximately 10 m seaward
likely due to the sand supply from the nourishment to the south. From May to June,
some of the sand gained from the previous two months was eroded. From June to
August the entire profile shifted seaward for up to 10 m. Furthermore, development of
the active berm at nearly 1 m above NAVD88 was measured. Overall, the short-term
post nourishment beach change at this location is strongly influenced by the sand supply
from the adjacent beach to the south.
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Figure 49: Beach profile R24 after nourishment (9/15/14 – 8/17/15).

Beach profile R25 (Figure R50) is located at the northern edge of the beach
nourishment, facing the Egmont Channel. This location experienced the most severe
erosion before the nourishment, as discussed earlier. The nourishment shifted nearly
the entire beach 57 m seaward and increased the elevation of the beach up to 2 m over
the nourished area. From March to May 2015, this profile accreted approximately 4 m
seaward, with the growth of the active berm. From May to June, the growth of the active
berm continued with additional beach accretion. From June to August, substantial
beach accretion and active berm development were measured. The severe prenourishment erosive trend was temporarily reversed due to the fill.
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Figure 50: Beach profile R25 after nourishment (9/15/14 – 8/17/15).

Volume-Density Change of the Two Nourishment Projects
Volume density is the volume of material per unit length of beach, expressed as
m3/m (Dean, 2002). Volume density is an informative parameter to evaluate the
performance of beach nourishment projects because the nourishment typically does not
perform uniformly alongshore. Volume density can effectively illustrate localized areas
of erosion and accretion after nourishment.
The volume-density change for the CSSZ nourishment (Figure 51) shows that
beach profiles R7 and R8, which are south of the fill area lost 9 m3/m and 6 m3/m
respectively, from March to August 2015. Beach profile R9 which is immediately south
of the fill area gained 19 m3/m. Beach profile R10 which is at the south margin of the fill
85

area gained 33 m3/m. This volume-density change pattern suggests that the longshore
spreading of the fairly small swash zone nourishment was limited to within 200 m from
the nourishment boundary.
Beach profiles R11 and R12, which are around the apex of the nourishment area,
lost 17 m3/m and 86 m3/m respectively. North of the nourishment fill area, beach profile
R13 through R17 gained an average 13 m3/m. The volume-density change patterns are
different to the north and south of the nourishment apex. The reason for this different
shape is not clear. In total, the CSSZ experienced a net gain of 1250m3 of material from
March to August 2015. It is likely that material from the northern nourishment
transported to the CSSZ nourishment.
The nourishment volume-density change for the northern beach nourishment
shows that beach profiles R19 and R20, which are along the southern margin of the
nourishment area gained 9 m3/m and 13 m3/m respectively. Beach profiles R21, R22,
and R23, which are within the central fill area lost 11 m3/m, 87 m3/m, and 141 m3/m
respectively. Beach profiles R24 and R25, which are along the northern margin of the fill
area gained 33 m3/m and 52 m3/m respectively. The sum of the volume gained and lost
for the northern nourishment area from March to August 2015 results in a net loss of
13,500m3 of material. The material lost from the nourishment was likely transported to
the large channel margin linear bar immediately offshore the northern beaches.
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Figure 51: Nourishment-volume density change, March to August 2015.

Temporal and Spatial Evolution of Sediment Characteristics of the 2014
Beach Nourishments
The spatial and temporal characteristics of the mud sized material placed on
Egmont Keys beaches is of significant concern due to the detrimental effects silts and
clays have on beach quality. The material in the dredge area contained a considerable
amount of mud sized sediment, roughly 20.7%. This exceeded the required mud
percentage by Florida State regulation of 10%. Due to the severe erosion problem at
Egmont Key, an exception was made to allow the sediment with high percentages of
mud be put on the beach. It is hypothesized that over time the fine material will be
washed away naturally. In addition, a considerable amount of fine material is lost
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during the dredging and placing operation. Here we examine the temporal and spatial
evolution of the fine materials.
The sediment characteristics of the material dredged from Egmont Channel are
quite different from the sediment on the beach (Figure 52). Prior to dredging the
material along the margins of Egmont Channel was composed of, based on the average
of 80 samples, 8% gravel sized shell material, 72% sand sized quartz and shell material,
and 20% mud sized silts and clays. The native beach material is composed of, based on
average of 79 samples, 4% gravel sized shell material, 94% sand sized quartz and shell
material and slightly less than 2% mud material.
Immediately following the completion of the nourishment project in March 2015,
based on the average of 80 samples, gravel sized shell material remained at 4%, sand
sized quartz and shell material decreased to 91%, and the mud-sized material increased
to slightly less than 5%. The increase of the mud sized material is obviously influenced
by the placement. However, the mud sized material is far less than 20%, suggesting that
a large amount of the mud is lost during the dredging and construction process. Five
months following construction in August 2015, based on the average of 75 sediment
samples, gravel sized shell material remained at 4%, sand sized quartz and shell
material returned to 94 %, and the fine fraction returned to slightly less than 2%. This
suggests that the fine materials are further removed by natural processes. In the
following, detailed spatial pattern of sediment size evolution is discussed.
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Figure 52: Sediment grain sized composites of the dredged and placed material.

During the CSSZ nourishment operation, the material was pumped into the
swash zone. Generally, approximately 8 sediment samples were collected across 11
sampling profiles. Beach profile R5 (Figure 53) is 0.8 km south of CSSZ nourishment
area and immediately south of exposed Battery John Page. This beach was not
nourished. Prior to the nourishment, this profile contained less than 1.9% fine-grained
material across the entire profile. Immediately following the nourishment in March
2015, near the short-term closure depth the mud-sized fraction increased to 8%, while
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the sediment characteristics along rest of the profile did not change. By August, this
profile returned to its native beach composition and the location that experienced
increased fines content returned to pre-nourishment levels.

Figure 53: Beach profiles R5 with fine-sediment content

Beach profile R8 (Figure 54) is 0.5 km south of the CSSZ nourishment and north
of the exposed powerhouse. This beach was not nourished. Prior to the nourishment
project, this profile had higher than average levels of mud-sized material near the depth
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of closure of 3.7 and 4.9%. From March to August, the mud content at this location
remained relatively low, never exceeding 2.6 %.

Figure 54: Beach profiles R8 with fine-sediment content.

Beach profile R10 (Figure 55) is at the southern end of the CSSZ nourishment.
Prior to nourishment, this beach contained higher than average levels of mud material
of 4.8 % and 5.3% near the short-term closure depth. In March 2015 immediately after
the nourishment, the mud content near the seaward end of this profile increased
significantly to 51.5% and 83.8%, while the sediment at other parts of the profile is
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mostly sand. Based on field observation during sampling, a layer of soft mud of the
order of 10 cm thick was deposited in the offshore area. However, by August the mud
material was washed away and the mud content at this beach returned to slightly lower
than the pre-nourishment level. It is worth noting that there were a few high wave
energy events between June and August 2015 (Figure 39), which should have
contributed to the transport of the mud material.

Figure 55: Beach profile R10 with fine sediment content.
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Beach profile R12 (Figure 56) is at the center of the CSSZ nourishment. Prior to
the nourishment project being constructed this profile contained less than 2.3% finegrained material across the entire profile. After nourishment in March 2015, there was
an overall increase in fine-grained material across the entire profile with the greatest
amount of 24.5% measured near the seaward extent of fill. By August 2015, the beach
here returned to the pre-nourishment levels of fine-grained content, similar to the case
at other profiles.

Figure 56: Beach profile R12 with fine-sediment content.
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In summary, significantly elevated mud contents were measured in the
nourishment area and up to 1 km to the south of the nourishment area. Most of the fine
materials were deposited far out of the surf zone near the short-term closure depth. It is
worth noting that the sediment property discussed here is based on a core sample that
extended approximately 12 cm into the substrate. Based on field observations during the
sampling, in the active beach area the fine materials are mixed with the coarser gains. In
the offshore area far outside the breaker zone, the mud was deposited as a layer on the
surface. The higher percent mud content indicates a thicker layer of mud while the lower
mud content corresponds to thinner mud layer.
The beach nourishment project at the northern portion of the Island involved a
much greater volume, 205,000 versus 64,000 m3 for the CSSZ nourishment. Beach
profile R19 (Figure 57) is located at the southern edge of the northern beach
nourishment. Prior to nourishment in September 2014, this profile contained slightly
elevated amounts of fine-grained material of 5.5% near the short-term closure depth.
Immediately after nourishment in March 2015, there was a significant increase in mud
sized material of 34.3% near the seaward extent of fill. By August 2015, the mud content
across the entire profile decreased to the pre-nourishment levels.
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Figure 57: Beach profile R19 with fine-sediment content.

Beach profile R21 (Figure 58) is near the center of the nourishment project. Prior
to nourishment in September 2014, this profile contained slightly elevated levels of fines
of 5.5% near where the profile flattens out. Immediately following nourishment, the
mud content of this beach did not increase significantly and was below 3.1% across the
entire profile. By August 2015 the mud content at this location remained stable and near
pre-nourishment levels. It is likely that strong tidal currents in the vicinity of Egmont
Channel hindered deposition of fine material.
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Figure 58: Beach profile R21 with fine-sediment content.

Beach profile R25 (Figure 59) is at the northern end of the nourishment project
and is facing Egmont Channel. Prior to nourishment, only the beach and nearshore
portion of the profile could not be sampled because significant erosion along this beach
has exposed hard bottom. Immediately following nourishment in March 2015 the mud
content of this beach was relatively low. By August the mud content remained
essentially the same as the native material.
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Figure 59: Beach profile R25 with fine-sediment content.

Table 1 summarizes the minimum, maximum, mean, and median values of the
mud contents of all the sediment samples. The maximum values varied significantly
across all sampling events. The channel material had a maximum value of 77.6% while
the pre-nourished beach maximum value was 5.5%. Following nourishment in March
2014, the maximum value of fines increased significantly to 83.8% indicating that fines
had a tendency to concentrate in the offshore area. Also, there is significant longshore
variation of the mud content, as discussed above. In August, the maximum value of mud
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content decreased substantially to 6.5%, indicating that the temporarily concentrated
mud material was dispersed by natural processes. The mean mud content of the channel
material was 20.7%, which is significantly greater than the mean mud content of the
pre-nourished beach at 1.8%. Immediately following nourishment construction in
March, the mean fines content increased to 4.5%. It should be noted that this amount of
fines is within Florida state regulations concerning the fine content for beach
nourishment. In August 2015, 5 months after the completion of the nourishment
project, the mean mud content returned to pre-nourishment levels suggesting that the
elevated mud content associated with beach nourishment is temporary.
Table 1: Fine-sediment statistics for materials dredged from Egmont Channel and place
on Egmont Key.
Parameter
Date Sampled
Fines Content (% passing
#230 Sieve)
Minimum
Maximum
Mean
# of Samples

Channel
4/3/14

Pre
9/15/14

Post
3/15/15

5M Post
8/17/15

0.5%
77.6%
20.7%
80

0.0%
5.5%
1.8%
79

0.1%
83.8%
4.5%
80

0.0%
6.5%
1.8%
75

Beach Processes Depicted from Numerical Wave Modelling Results
This section discusses the results of wave modeling in the vicinity of Egmont Key.
Addressed in this section are model construction and model results. The goal is to link
the beach erosion and accretion trends discussed above with the computed nearshore
wave conditions. It is acknowledged, and qualitatively described above, that tidal flow
patterns in the vicinity of the Island may also play an important role in beach
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morphodynamics. Modeling tidal flow at the month of Tampa Bay is very complicated
and is beyond the scope of this study.

Construction of the Wave Model
Model construction refers to the process of modeling grid generation, selection of
model parameters and the specifications of model forcing. The model constructed here
utilized a 10 x 10 m Cartesian grid over a domain of 280 km2 resulting in 281,778,508
computational cells. The computational domain includes all of Egmont Key’s nearshore
and offshore areas including Egmont Channel, Southwest Passage, and the western
portion of Tampa Bay (Figure 60). The offshore boundary extended beyond the Tampa
Bay ebb delta to ensure that wave field over the bathymetry change is properly captured.
The model is setup to run on a half plane, which restricts the direction of primary waves
to those that approach the study area from the Gulf of Mexico, while waves from the Bay
side was largely ignored. This should not have significant influence on the
understanding of Gulf-facing beach processes.
Nearshore wave field is strongly influenced by nearshore bathymetry (Wang and
Beck, 2012). It is therefore crucial to accurately represent the bathymetry with high
spatial resolution. The input bathymetry utilizes Joint Airborne Lidar Bathymetry
Technical Center of Expertise (JALBTCX) lidar topobathemetry of Egmont Key and its
nearshore area and NOAA’s Coastal Relief Model for the offshore area, both referred to
mean sea level.
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The bed friction coefficient is a main parameter for model calibration. Brutsche et
al. (2014) found that bed friction has small influence on the computation of wave
propagation in the nearshore area. Therefore, the friction factor, the Manning’s
coefficient used here, was set to the default value 0.025. Model forcing utilizes statistical
wave parameters including principle wave angle, significant wave height, and peak wave
period. The commonly used TMA (Davis et al., 1991) spectra were generated by the
model based on the statistical parameters. Based on studies of Brutsche et al. (2014) and
Wang et al. (2015) comparing modeled and measured wave conditions in west-central
Florida, CMS-WAVE provides reasonably accurate representation of nearshore wave
conditions.

Beach Processes Depicted from Schematic Numerical Wave Modeling
The main goal of the wave-modeling portion of this study is to examine the
influence of the complicated nearshore bathymetry on the wave field, specifically, if the
bathymetric variations would cause wave energy variations along the shoreline. Wave
energy variation near the shoreline would generate sediment transport gradients and
subsequently cause beach erosion or accretion. Schematized wave parameters were used
to qualitatively represent different forcing conditions (Table 4). The wave modeling
focused on energetic wave condition, which are much higher than the annual average
wave (Wang and Beck, 2012). Three generalized incident wave angles were examined
including northerly approach, perpendicular to shoreline, and southerly approaching
waves.
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Figure 60: Wave model bathymetry and computational domain.
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Table 2: CMS-Wave model input parameters.
Case

Wave Height

Wave Period

Wave Direction

1

1.0

5.0

320

2

1.0

5.0

280

3

1.0

5.0

220

4

2.0

6.0

320

5

2.0

6.0

280

6

2.0

6.0

220

7

3.0

7.0

320

8

3.0

7.0

280

9

3.0

7.0

220

10

4.0

8.0

320

11

4.0

8.0

280

12

4.0

8.0

220

Model cases 1 through 3 examine a set of moderately energetic waves, with 1.0 m
wave height and 5.0 s wave period, approaching from a northerly, westerly, and
southerly directions. The results are shown in Figures 61 through 63. The top panels
show the wave field over the entire domain. The bottom panels are zoomed in view to
illustrate the wave patterns in front of the Egmont Key. It is noted that the top and
bottom panels used different color scales to most clearly illustrate differences. The
extensive and deep Egmont Channel and the associated channel margin linear bar have
significant influence on the northerly approaching wave, resulting in a lower wave as
compared to the westerly (onshore) and southerly approaching wave. For the 1 m
incident wave the wave heights in the nearshore area, defined here as 500-800 m from
the shoreline, as calculated by the model range from 0.7 to 0.8 m for the northerly
approaching wave, 0.8 to 1.0 m for the westerly onshore wave, and 0.85 – 1.05 m for the
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southerly wave. The higher (1.05 m) than incident wave (1.0 m) offshore the northern
end of the island (Figure 63 top panel) is caused by the wave shoaling over the southern
edge of the channel margin linear bar.
The complicated nearshore bathymetry in front of the Egmont Key (Figure 60
bottom panel) has considerable influence on the nearshore wave conditions (Figures 6163 bottom panels). Generally, the model computed higher wave over the crest of the
transvers bars due to shoaling. The shoaling is quite apparent over the channel margin
linear bars at both ends of the island. For the northerly approaching wave, the shoaling
occurs along the northern slope of the transvers bar, while for the southerly approaching
wave, the shoaling occurs along the southern slope. This slight different shoaling pattern
does not fundamentally change overall wave-height pattern along the shoreline. For all
three waves, a similar pattern of relatively high and low wave along the shoreline was
yielded by the model, although the overall wave height for the northerly approaching
wave is lower than the southerly and onshore waves.
The detached structures create a substantial shadow zone landward with
significantly lower wave near the shoreline. The channel margin linear bar at the north
end provides a modest shadow zone along the northern half of the island for the
northerly incident wave. The shadowing by the channel margin linear bar to the south is
complicated by the exposed structures.

103

Figure 61: Wave model case 1, input wave height 1.0 m, period5.0 s, direction 320°.
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Figure 62: Wave model case 2, input wave height 1.0 m, period5.0 s, direction 280°.
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Figure 63: Wave model case 3, input wave height 1.0 m, period 5.0 s, direction 220°.
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Model cases 4 through 6 examine a set of more energetic waves as compared to
the previous case, with 2.0 m wave height and 6.0 s wave period, approaching from a
northerly, westerly, and southerly directions. The results are shown in Figures 64
through 66. The top panels show the wave field over the entire domain. The bottom
panels are zoomed in view to illustrate the wave patterns in front of the Egmont Key. It
is noted that the top and bottom panels used different color scales to most clearly
illustrate differences. Similar to the lower wave case, the extensive and deep Egmont
Channel and the associated channel margin linear bar have significant influence on the
northerly approaching wave, resulting in lower wave as compared to the westerly
(onshore) and southerly approaching wave. For the 2 m incident wave, the wave heights
in the nearshore area, defined here as 500-800 m from the shoreline, as calculated by
the model range from 1.1 to 1.3 m for the northerly approaching wave, 1.3 to 1.5 m for
the westerly onshore wave, and 1.4 – 1.6 m for the southerly wave. Different from the
lower wave case, the nearshore wave is considerably smaller than the 2-m incident wave
at the seaward boundary, indicating more significant friction induced wave energy loss
for the longer and higher wave. The dramatic elevation changes in the vicinity of
Egmont Channel are reflected in the computed wave field particularly for the onshore
and southerly approaching waves.
Similar to the previous lower wave case, the complicated nearshore bathymetry
in front of the Egmont Key (Figure 60 bottom panel) has considerable influence on the
nearshore wave conditions (Figures 64 - 66 bottom panels). Generally, the model
computed higher wave over the crest of the transvers bars due to shoaling. The shoaling
is quite apparent over the channel margin linear bars at both ends of the island. For all
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three waves, similar pattern of relatively high and low wave along the shoreline was
yielded by the model, although the overall wave height for the northerly approaching
wave is lower than the southerly and onshore waves. In addition, this overall pattern is
not fundamentally influenced by the incident wave height.
The detached structures create a substantial shadow zone landward with
significantly lower waves near the shoreline. The channel margin linear bar at the north
end provides a substantial shadow zone along the northern half of the island for the
northerly incident wave, resulting in much lower wave heights at the northern end as
compared to the rest of the island. The shadowing by the channel margin linear bar to
the south is complicated by the exposed structures. It should be noted that the area in
between the structures and the island itself has become deep enough to permit
recreational boat traffic. Passage is often made at high speeds and produces significant
boat wake and subsequently wake induced waves break upon the shore. It should also be
noted that the detached structures are highly irregular with portions that permanently
sub-aerial and other portions that become exposed at lower tides. Due to the irregular
feature, waves may propagate through the structure with little to no impedance
especially at higher water levels.
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Figure 64: Wave model case 4, input wave height 2.0 m, period 6.0 s, direction 320°.
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Figure 65: Wave model case 5, input wave height 2.0 m, period 6.0 s, direction 280°.
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Figure 66: Wave model case 6, input wave height 2.0 m, period 6.0 s, direction 220°.
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Model cases 7 through 9 examine a set of very energetic waves as compared to the
previous case, with 3.0 m wave height and 7.0 s wave period, approaching from
northerly, westerly, and southerly directions. The results are shown in Figures 67
through 69. The top panels show the wave field over the entire domain. The bottom
panels are zoomed in view to illustrate the wave patterns in front of the Egmont Key. It
is noted that the top and bottom panels used different color scales to most clearly
illustrate differences. Similar to the lower wave case, the extensive and deep Egmont
Channel and the associated channel margin linear bar have significant influence on the
northerly approaching wave due to shoaling and refraction, resulting in lower wave as
compared to the westerly (onshore) and southerly approaching wave. For the 3 m
incident wave the wave heights in the nearshore area, defined here as 500-800 m from
the shoreline, as calculated by the model range from 1.3 to 1.6 m for the northerly
approaching wave, 1.5 to 1.8 m for the westerly onshore wave, and 1.5 – 1.9 m for the
southerly wave. The nearshore wave is substantially smaller than the 3-m incident wave
at the seaward boundary, indicating significant friction induced wave energy loss for the
longer and higher wave. As a matter of fact, the 3-m incident wave resulted in just
slightly higher wave in the nearshore area than the 2-m incident wave, suggesting that
the extensive shallow water has significant control on the nearshore wave conditions. In
other words, for extreme wave conditions, the nearshore wave is significantly limited by
water depth. It is worth noting that no storm surge is considered here. It is possible that
energetic waves like this may come with a storm surge. The dramatic elevation changes
in the vicinity of Egmont Channel are reflected in the computed wave field particularly
for the onshore and southerly approaching waves.
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Similar to the previous lower wave case, the complicated nearshore bathymetry
in front of the Egmont Key (Figure 60 bottom panel) still has considerable influence on
the nearshore wave conditions (Figures 67 - 69 bottom panels). Generally, the model
computed higher wave over the crest of the transvers bars due to shoaling. The shoaling
is quite apparent over the channel margin linear bars at both ends of the island. For all
three waves, similar pattern of relatively high and low wave along the shoreline was
yielded by the model, although the overall wave height for the northerly approaching
waves is lower than the southerly and onshore waves. This overall pattern is not
fundamental influenced by the incident wave height.
The detached structures create a substantial shadow zone landward with
significantly lower wave heights near the shoreline. The channel margin linear bar at the
north end provides a substantial shadow zone along the northern half of the island for
the northerly incident wave, resulting in a much lower wave at the northern end as
compared to the rest of the island. The shadowing by the channel margin linear bar to
the south is complicated by the exposed structures. It should be noted that the area in
between the structures and the island itself has become deep enough to permit
recreational boat traffic. Passage is often made at high speeds and produces significant
boat wake and subsequently wake induced waves break upon the shore.
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Figure 67: Wave model case 7, input wave height 3.0 m, period 7.0 s, direction 320°.
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Figure 68: Wave model case 8, input wave height 3.0 m, period 7.0 s, direction 280°.
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Figure 69: Wave model case 9, input wave height 3.0 m, period 7.0 s, direction 220°.

116

Model cases 10 through 12 examine a set of extremely energetic waves, with 4.0
m wave height and 8.0 s wave period, approaching from a northerly, westerly, and
southerly directions. The results are shown in Figures 70 through 72. The top panels
show the wave field over the entire domain. The bottom panels are zoomed in view to
illustrate the wave patterns in front of the Egmont Key. It is noted that the top and
bottom panels used different color scales to most clearly illustrate differences. Similar to
the lower wave case, the extensive and deep Egmont Channel and the associated
channel margin linear bar have significant influence on the northerly approaching wave
due to shoaling and refraction, resulting in lower waves as compared to the westerly
(onshore) and southerly approaching wave. For the 4-m incident wave the wave heights
in the nearshore area, defined here as 500-800 m from the shoreline, as calculated by
the model range from 1.5 to 1.7 m for the northerly approaching wave, 1.6 to 1.9 m for
the westerly onshore wave, and 1.6 – 1.9 m for the southerly wave. The nearshore wave
is less than half of the 4-m incident wave at the seaward boundary, indicating
substantial friction induced wave energy loss for the longer and higher wave. As a
matter of fact, the 4-m incident wave resulted in just slightly higher wave in the
nearshore area as compared to 3-m and 2-m waves, suggesting that the extensive
shallow water has significant control on the nearshore wave conditions.
Similar to the previous lower wave case, the complicated nearshore bathymetry
in front of the Egmont Key (Figure 60 bottom panel) still has considerable influence on
the nearshore wave conditions (Figures 70-72 bottom panels). Generally, the model
computed higher wave over the crest of the transvers bars due to shoaling. This overall
pattern is not fundamental influenced by the incident wave height.
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Figure 70: Wave model case 10, input wave height 4.0 m, period 8.0 s, direction 320°.
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Figure 71: Wave model case 11, input wave height 4.0 m, period 8.0 s, direction 280°.
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Figure 72: Wave model case 12, input wave height 4.0 m, period 8.0 s, direction 220°.
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CHAPTER FIVE:
DISCUSSION

Egmont Key is part of a dynamic system with many interrelated factors
influencing its morphodynamics. The intention of this chapter is to discuss cause and
effect relationships between natural and anthropogenic factors on Egmont Key’s
morphodynamics and sediment dynamics.

Factors Controlling the Island Area Change
The historical shoreline change depicted from time-series aerial imagery showed
substantial reduction of the overall area of the island from 1942 to 2002 (Figure 24).
The island area as identified by vegetation line reduced from 2.1 km2 in 1942 to 1.0 km2
in 2002, a reduction of 52%. Since 2002 to 2014, the island area has been maintained
through artificial nourishment. The island-area reduction from 1942 to 2014 can be
modeled quite well by a linear curve, with a R2 of 0.96 (Figure 24). If the island area had
not been artificially maintained, based on the reduction rate from 1942 to 2002, the
island would completely disappear in 60 years, or 2062.
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A closer examination of the rate of island-area reduction, two periods of
acceleration in the area reduction rate have occurred on Egmont key, the first began in
1978 and ended in 1984. The second period began in 1999 and continued until 2002
when beach erosion mitigation began on Egmont Key. It is worth noting that the exact
time of reduction in rate change may be influenced by the time of the aerial photos.
However, this should not change the overall trend. Since 2002 to present, the island
area has been stable, maintained by the three beach nourishment projects in 2002,
2006, and 2014. In the following, the cause of the accelerated island area reduction is
discussed.
Two factors, natural and/or anthropogenic, can cause the island area change and
are examined here. Natural causes can be related to accelerated shoreline erosion
associated with energetic storms. As summarized in Figure 14, several energetic storms
in the vicinity of the great study area occurred between 1944 and 1970. However, the
rate of island area reduction during this period of active storms was not elevated. From
1979 to 1984 and 1999 to 2002, the greater study area did not experience significant
storm activities. Therefore, the accelerated rate of island area reduction cannot be
explained by storm activities.
During the first period of accelerated island-area reduction from 1978 to 1984,
two important and related anthropogenic activities occurred. They are the construction
of dredge spoil areas along navigation channel’s southern flank in 1978 and the
deepening of channel from 11.0 m to 13.7 m in the late 1970s and early 1980s. Based on
the numerical modeling study of Goodwin (1987), the channel dredging and spoil island
construction had significant influence on tidal flow patterns at the mouth of Tampa Bay.
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The deepened channel provides a more efficient conduit for tidal flow, which may
subsequently increase the tidal flow along the Egmont Key beach toward the channel.
The increased flow velocity may be responsible for the accelerated erosion.
The spoil areas are of approximately 3 km x 1 km rectangles spaced 1 km apart
and are distributed along the southern flank of the channel. The elevation of the features
varies from 4 m depth (MLLW) nearest Egmont Key to 10 m depth near the entrance to
Egmont Channel, which is 12 km offshore. The difference between the natural and spoil
elevations are approximately 4 m. This significant bathymetry alteration should have
substantial influence on extreme wave conditions of, e.g., higher than 3 m waves.
However, since the spoil areas are still 4 m deep, their influence on typical waves should
not be significant. Based on the modeling results discussed above, the influence of the
spoil areas on the wave field is secondary to the influences of the transvers bars due to
their longer distance to the Egmont Key shoreline.
Concerning the second acceleration of the island-area reduction rate beginning in
1999, channel maintenance dredging throughout the 1990s may be the cause. From
1990 to 1999, 4,216,500 m3 of material was removed from Egmont Channel in six
dredging events (Elko, 2003). Therefore, both periods of accelerated rate of island area
reduction were related to anthropogenic activities, particularly dredging of the Egmont
Channel. A consequence of the deepened channel at the north end of the island may
have brought the island out of an equilibrium state. As the island attempts to reestablish an equilibrium state, accelerated shoreline erosion occurred.
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Factors Controlling Temporal and Spatial Evolution of Sediment Properties
In order to mitigate the severe erosion of Egmont Key’s Gulf-facing shore, beach
and nearshore nourishment projects have placed nearly 764,000 m3 of fill in four
projects since 2002. Most of the material obtained from the maintenance dredging of
the Egmont Channel is of low beach sand quality due to large percentages of cohesive
mud-sized sediments (material passing the #230 sieve). As a matter of fact, a special
permit had to be granted to allow the placement of the sediments that are not in
compliant with the State regulation of less than 10% mud. Therefor understanding the
spatial and temporal evolution of sediment characteristics is important to future shore
protection using sediment from the Egmont Channel.
The volume of sediment dredged from the borrow area as documented by the
dredging company is significantly different from the volume pumped onto the beach as
also reported by the construction company (Table 3). Furthermore, the beach volume
gain based on the pre- and post-nourishment surveys is different from the pumped
volume. The dredged volume was determined based on the pre- and post-dredging
surveys. For the case of Egmont Key, a total of 520,310 m3 of sediment was dredged
from the borrow area (Table 3). The pumped volume was determined based on the
volume of the hopper container and the number of loads. For the case of Egmont Key,
326,420 m3 was pumped onto the beach. The pumped volume is 47% less than the
dredged volume. This difference can be explained by the overflow loss. Sediment
contained in the overflow tends to have a higher content of mud (Maglio et al., 2015).
Therefore, a considerable amount of mud material was lost during the dredging process.
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Table 3: Volumes of sediment dredged from Egmont Channel, pumped onto beaches of
Egmont Key, and surveyed on the beach. Great Lakes Dock and Dredge provided the
dredged and pumped values

Traditional (North) Placement Area

Cubic Meters
3
(m )

% of total

Dredged in Channel

382300

100

Pumped to Beach

244440

64

Surveyed on Beach
Cross Shore Swash Zone Placement
Area

205000

54

Dredged in Channel

138010

100

Pumped to Beach

81980

59

Surveyed on Beach

62000

45

Dredged in Channel

520310

100

Pumped to Beach

326420

63

Surveyed on Beach

267000

51

Project Total

The sediment was pumped onto the beach in fast flowing slurry (Figure 73). The
mud sized sediment tends to stay in the flow longer and be transported to the
surrounding nearshore area rather than staying on the beach. Therefore, a considerable
amount of mud sized material was lost during the beach nourishment construction. This
also explains the different volume values based on the number of hopper loads and the
volume based on pre- and post-nourishment surveys (Table 3).

125

Figure 73: Pumping operations for both the northern and southern Egmont Key
nourishments.

As described in the earlier sections, even immediately after the nourishment
construction, mud contents in the surf zone were always quite low, typically less than
3%. The active wave breaking in the surf zone has prevented the mud from being
deposited and preserved. These processes explain why beaches are usually sandy or
coarser.
The elevated concentration of mud was always found in the subtidal zone in
water depths greater than 2 m. Immediately after the nourishment, the mud can be
deposited in a layer of up to 10 cm thick. In summary, the spatial distribution of
artificially introduced mud sized sediment is controlled by relative wave energy. In the
surf zone, the energetic wave breaking prevents mud from being deposited and
preserved. The mud sediment is transported and deposited in the calmer offshore area
immediately after the nourishment construction.
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In terms of temporal distribution, the energetic slurry pumping process (Figure
73) and wave breaking in the surf zone prevent the mud from depositing and being
preserved in the constructed beach and nearshore zone even during construction. In the
offshore area under calm conditions, a relatively large amount of mud can be deposited
in a layer of up to 10 cm thick and preserved for a short period of time. However, for the
case of Egmont Key this subtidal mud deposit was washed away by a series of modestly
energetic storm conditions within 5 months (Figure 39). The temporal scale of the mud
sediment preservation is very short, on the order of hours to days on the constructed
beach and in the surf zone. In the subtidal zone, the preservation of mud sediment is of
a storm scale, typically on the order of months.

Factors Controlling Local Beach Processes
The beach processes along Egmont Key are very complicated, influenced by both
natural and anthropogenic factors. The island is bounded at both ends by very large
tidal inlets. Tidal flows in and out of Tampa Bay generate alongshore flowing current, as
observed during field surveys, which may have significant influence on beach processes.
The complicated nearshore bathymetry (Figure 74) has considerable influence on the
wave field as described above. Various anthropogenic structures (Figure 74) associated
with the fort complex also has direct influence on beach processes, especially when they
are exposed at the shoreline or become detached. Overall, all of the beach profiles do not
show a shore parallel nearshore bar that is commonly found along Florida Gulf coast
(Roberts and Wang, 2012; Brutsche et al., 2014; Brutsche et al., 2015). Based on Roberts
and Wang (2012), the lack of a nearshore bar along some sections of the west-central
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Florida beaches indicates a sediment depleted system with a large sediment transport
gradient.
As discussed above, the rate of island-area reduction can be linked to significant
artificial modification of the Egmont Channel. Alongshore tidal flow toward the Channel
was observed during the field survey. As a matter of fact, the survey lines near the
northern end of the island often had to be cut short due to strong tidal flow toward the
channel. Swimmer observations also note that regardless of tidal stage, ebb or flood,
that the flow direction is always toward the inlet which is toward the north.
Subsequently there exists a trough feature immediately offshore the beach and between
the large channel margin linear bar. This trough promotes the channelization of water
moving toward Egmont Channel and due to the persistent northerly flow is a permanent
feature. Existing numerical modeling study (Goodwin, 1987) has shown that channel
dredging has significant influence on tidal flow pattern in Tampa Bay. However, the
existing modeling studies do not have adequate resolution to resolve detailed flow
patterns around Egmont Key. A detailed tidal flow pattern study is beyond the scope of
this thesis but is and is recommended for future study due to the likelihood that the
significant changes to Egmont are due to anthropogenically altered tidal flow patterns in
and around Tampa Bay.
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Figure 74: Egmont Key, nearshore bathymetric features and historical fort
infrastructure of interest.
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A flat platform extends westward for nearly 4 km in front of the Egmont Key
(Figure 60). Numerous transverse bar features are found on the platform (Figure 74).
The bars range in relief from 0.5 to 1.5 m, shore normal lengths from 0.5 to 3 km, and
wavelengths of 50 – 200 m. In general, the features are oriented east-west but vary
moderately and occasionally merge with adjacent bars. In a few locations the bar
troughs and crests approach the shore and merge with the beach foreshore. Numerical
wave modelling results as described above indicate that the propagation of energetic
waves of 1 m or higher are influenced by the transverse bars (Figures 60-71). When
waves approach the bar features from an oblique angle they tend to refract more over
the bar crest than over the bar tough. Wave height is also influenced by the bar features.
The waves tend to be slightly higher, 0.1 to 0.2 m, over the bar crests and lower along
the bar troughs due to shoaling. Larger waves near the shoreline were computed by the
wave model where a crest attaches, and smaller waves were computed where a trough is
adjacent to the beach. Beach profiles R11, R12, and R13 (Figures 29 – 31) are located at
the center of the island. These profiles area also where transverse bar crests attach to the
foreshore. The beach profiles here are for the most part stable. It appears that the
presence of foreshore attached transverse bars with their relatively higher modelled
wave heights did not induce accelerated erosion based on the time-series beach surveys.
Large channel margin linear bars have developed along both Egmont Channel
and Southwest Passage and both have significant influence on beach processes. The
large channel margin linear bar adjacent to Egmont Channel parallels the dredged
navigation channel and covers an area 1.2 km2. Along the feature’s east west and longest
axis it has a length of approximately 1.4 km, and along its roughly north south and
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shortest axis has a width of 0.6 km. The depth of the feature varies from its highest
point at -0.5 m to -2.0 (NAVD 88) at its lowest. The bar has a half-circle shape curving
to the south and abruptly deepens along the northern margin into the Egmont Channel.
The water deepens along its southern side gradually. Results from the numerical wave
modelling indicate that waves are generally higher over the feature due to shoaling and
break over the very shallow portion. The large channel margin linear bar also create a
substantial shadow zone along the northern end of the island, particularly for the
northerly approaching waves (Figures 60, 63, 66, 69). Beach profiles R21 through R25
(Figures 34-37) are located at the northern end of the island are within the shadow zone
computed by the wave model. Seaward of the beach there is a trough feature in between
the channel margin linear bar and the shore. Strong tidal currents that flow alongshore
to the north toward Egmont Channel likely formed and maintained the trough. At these
profiles, a persistent pattern of moderate to severe beach erosion was measured. The
scale of the erosion generally increases moving northward from R21 to R25. It is likely
that strong tidal currents that increase in velocity from south to north are the cause of
this areas persistent erosion. The wave height at the northern end tends to be lower due
to the sheltering by the channel margin linear bar. It seems that the severe beach
erosion there is mostly controlled by the tidal flow, while wave conditions play a
secondary role.
The channel margin linear bar along the northern edge of Southwest Passage is
significantly different from the Egmont Channel bar. This bar has a much smaller area
than the Egmont Channel bar at 0.2 km2 and approximately parallels the entrance to
southwest channel. Along the feature’s roughly east west and longest axis, it has length
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of approximately 1.1 km and along it north south and shortest axis has a length of 0.2
km. Similar to the Egmont Channel bar the depth of the feature varies from its highest
point at -0.5 m to -2.0 (NAVD 88) at its lowest. This bar is linearly shaped and abruptly
deepens along its southern margin into the channel and gradually deepens to the north.
Results from the numerical wave modelling indicate that waves are generally higher
over the feature where they tend to shoal and break due to its relatively shallow
elevation. It also provides a shadow zone for the beach to the north under southerly
approaching waves.
Several structures associated with the Fort Dade complex are now exposed at the
shoreline or in the water (Figure 74). The coastal gun batteries, which are now located
over 250 m offshore of Egmont Key’s southwestern beach, act as detached breakwaters
and block waves (Figures 60 - 71). The concrete structures front a 200 m long portion of
the nearshore area and are as much as 1 m above sea level. The structures were isolated
from the island sometime in latter half of the 1980’s. The structures have to a certain
degree protected this portion of the island by blocking the incident wave, as shown by
the modeling results. Waves break along the nearshore structure and subsequently
create a shadow zone landward of the structure. However, shoreline retreat behind the
structure has continued, although it may be at a slower rate, resulting in the exposure of
a second structure behind the offshore structure. This structure, which is the
powerhouse, is behaving similar to a groin, possibly anchoring the shoreline and
impounding longshore sediment adjacent to it (Figures 27 and 28). The result is an
angular and seaward protruding shoreline in the vicinity of the structure.
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CHAPTER SIX:
CONCLUSIONS
Based on the historical aerial photos and field data collected by this study, the
following conclusions are drawn:
1) The overall area of Egmont Key has reduced 52% from 2.1 km2 in 1942 to 1.o km2
in 2002. The area loss was mostly caused by beach erosion along the Gulf-facing
beach. The island migrated southward slightly. Since 2002, the island area has
been maintained artificially through periodic beach nourishment every 4-8 years.
2) The island-area reduction from 1942 to 2002 was largely linear. Two periods of
accelerated area loss from 1978-1984 and 1999-2002 can be related to dredging
of the Egmont Channel and the disposal of the dredged materials along the
channel.
3) Concerning the relatively high mud content in the borrow area for the 2014
nourishment project, a large amount of the fine sediment was lost at temporal
scales of hours to days during the dredging and beach nourishment construction
processes. Some of the mud was deposited outside the surf zone at water depth of
2 m or greater. This mud became eroded naturally by energetic conditions at a
temporal scale of months.
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4) Beach erosion and accretion along the Gulf-facing beach can be related
qualitatively to tidal flow patterns. Numerical wave modeling shows that the
transverse bars offshore Egmont Key have modest influence on the wave field,
leading to slightly different wave height along the shoreline. However, there is no
clear relationship between the nearshore wave conditions and the
erosion/accretion patterns.
5) The severe shoreline erosion has exposed various Fort Dade structures at the
shoreline and in the nearshore zone. The aforementioned structures function as
detached breakwaters or groins and their influence on the beach state is localized.
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